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TRANSMISSION OF PLAGUE
P l a g u e  b a c i l l i  may be t r a n s m i t t e d  by f l e a s  
f r o m w i l d  r o d e n t s  t o  d o m e s t i c  r a t s  or  f r om 
d o m e s t i c  r a t s  t o  w i l d  r o d e n t s .  D o m e s t i c  r a t  
f l e a s  commonly t r a n s m i t  p l a gu e  t o  human b e in g s  
i n  t hos e  p a r t s  of  t h e  wor ld  where d o m e s t i c  r a t
f l e a s  a r e  p a r t i c u l a r l y  a b u n d a n t ,  Wi ld r o d e n t  
f l e a s  a l s o  o c c a s i o n a l l y  t r a n s m i t  p l a gu e  b a c i l l i  
t o  man. Man may a l s o  ac q u i r e  p l ague  i n f e c t i o n  by 
h a n d l i n g  d i s e a s e d  r o d e n t s  and by sputum i n f e c ­
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DOMESTIC RATS, FLEAS and
NATIVE RODENTS
In Relation To Plague
In The United States
By Entomologist Carl 0. Mohr
INTRODUCTION
B ubonic plague i s  a rodent  and rodent - f lea  disease caused by the plague b a c i l ­
lus Pasture l la  pest  is which i s  t ransmitted 
from animal to animal and thence to man by 
f l e a s .  I t  i s  h igh ly  f a t a l .  At l e a s t  ha lf  
o f  the human cases r e s u l t  in death without 
modern m ed ic a t ion .  (Table  I — l a s t  two 
columns). Because o f  t h e i r  c lose associa* 
t i o n  with man, domestic r a t s *  and t h e i r  
f l e a s ,  e s p e c i a l l y  the  o r i e n t a l  r a t  f l e a  
Xenopsy l la  cheopis ,  are  r e s p o n s i b l e  for  
most human epidemics. Only occasional cases 
are  caused by b i t e s  of  o ther  f l e a s  or  by 
d i r e c t  in fec t ion  from handling rodents.
Infection due to b i te s  of  f leas  or due to 
d i re c t  contact  commonly r e s u l t s  in swollen 
lymph glands, cal l ed  buboes, hence the name 
bubonic p lague.  In fec t ion  may progress  to 
the blood stream causing septicemic plague,
and f i n a l ly  to the lungs causing pneumonic 
plague.
Pneumonic plague i s  extremely f a t a l  and 
highly in fect ious when sputum droplets  pass 
d i r e c t  from person to person.  The dea th  
r a t e  due to i t  i s  p r a c t i c a l l y  100 percent.
Plague i s  dreaded  p a r t i c u l a r l y  where 
l i v i n g  c o n d i t i o n s  a re  such as to b r in g  
human beings into  close contact  with large  
o r i e n t a l - r a t - f l e a  popula t ions ,  and where 
crowded condi t ions permit rapid pneumonic 
t ransmiss ion  from man to man.
ANCIENT AMERICAN DISEASE OR RECENT 
INTRODUCTION
Two widely d i f f e r e n t  views e x i s t  con­
c e r n i n g  the a r r i v a l  o f  p lague  in  Nor th  
America. The prevalent  view i s  th a t  i t  was 
i n t r o d u c e d  from the  O r i e n t  i n t o  Nor th  
America a t  San F r a n c i s c o  th rough s h i p -
* R a t t u s  r a t t u s  and R a t t u s  n o r v e g i c u s .
** D r .  Mohr i s  C h i e f  o f  t h e  E c t o p a r a s i t e  Branch,  Entomology D i v i s i o n ,  Communicable D i s e a s e  C e n t e r ,  
A t l a n t a ,  Geo rgi a .
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borne r a t s  and t h e i r  f l e a s  about  1900. 
Facts  support ing t h i s  view:
1. The f i r s t  cases were recognized in the 
Chinese sect ion of  San Francisco r e ­
gion during tha t  year.
2. Succeeding human cases were recognized, 
f i r s t  near San Francisco, and, as the 
years went by, a t  increasingly greater  
di s tances  as plague presumably spread 
northward and inland.
3. R e s u l t s  o f  plague su rveys  in  wi ld  
rodents revealed the presence of plague 
in  an ever-widen ing  a rea  a f t e r  i t s  
o r i g i n a l  r ec o g n i t i o n  in  C a l i f o r n ia .  
For example, in 1935, a f t e r  i t  was 
learned tha t  animals in other  western 
s t a t e s  were i n f e c t e d ,  examinat ions 
w ere  ex tended  to  a l l  o f  the Rocky 
Mountain s t a t e s  as f a r  as the g rea t  
p la ins .  No in fec t ion  was found in the 
p l a i n s  s t a t e s  u n t i l  a f t e r  a lapse of 
several  years.
4. Plague occurred in Pensacola, Florida; 
in New Orleans; and a t  Beaumont, Port 
A r t h u r  and G a lves ton  from 1914 to 
1921, apparently having been introduced 
by sh ip p ing ,  thus g iv ing  support  to  
the theory tha t  the San Francisco out­
break had occurred in the same way.
The o th e r  view, perhaps no t  so widely 
held,  i s  th a t  plague i s  a c h a r a c t e r i s t i c  
d i s e a s e  o f  c o l o n i a l  r o d e n t s  i n  North  
America,  f o r  i t  i s  a l s o  found in  very 
c lo se ly - re la ted  species in Asia. Therefore, 
i t  must have been present  on th is  continent 
in those rodents and t h e i r  f leas  thousands 
o f  y e a r s  b e fo r e  modern s h ip p i n g .  Fac ts  
s u p p o r t i n g  t h i s  view:
1. I t  i s  a common occurrence for diseases 
as well as pa ra s i te s  to accompany the ir  
hosts  into new t e r r i t o ry .  Mammalogists 
general ly  agree t h a t  ground squ i r re l s  
and meadowmice are As ia t i c  in o r ig in .  
Since plague i s  a common d isease  of  
these animals in Asia i t  may therefore 
have a r r i v e d  wi th  them dur in g  p r e ­
h i s to r i c  times.
2. A considerable  number of  s ingle  human 
cases  or  ep izoo t ic s  have occurred in 
areas far  in advance of those in which 
p l a g u e  had been suspec ted .  Plague,
therefore , may have been present there 
f rom  a n c i e n t  t imes.  The fo l lo w in g  
instances may be cited:
a. In  1908 a c a se  i n  Los Angeles  
County,  C a l i f o r n i a  was the f i r s t  
warning of i t s  existence there.
b. Hie death of  a sheepherder and an 
ep izoot ic  among sylvan rodents in
■ Lake County, Oregon, in 1934 was 
more than 200 miles  north of the 
previously suspected area south of 
the Sacramento River.
c.  A case of bubonic plague in south­
w e s t  Utah in  1935 was the  f i r s t  
indicat ion of the presence of plague 
there.
d. I n  19 37 a human case  near  Lake 
Tahoe ,  in Nevada, was the f i r s t  
ind ica t ion  of i t s  presence in that  
s t  «
e .  During 1935, plague was found by 
federa l  personnel s tudying rodent 
d i s e a s e s  in Montana f a r  removed 
from any areas in which plague was 
previously suspected.
HISTORY OF HUMAN CASES
E pidemics of plague have s t ruck in North America in the past and can s t r ike  again 
i f  protect ion is  relaxed in present danger 
zones or i s  not  extended promptly to new 
danger spo ts  as they develop.  America’ s 
recent record has been good in t h i s  respect .  
During the 21 years between 1925 and 1946, 
only 21 reported  human cases  occurred in 
the vas t  wes te rn  h a l f  o f  t h i s  c o n t in e n t  
(see back cover) where plague was known to 
be present  among wild rodents .  (Table I ) .  
No human cases have been repor ted  in  the 
e a s t e r n  s t a t e s  s i n c e  1921. T h i s  f i n e  
rapport has not always existed; our e a r l i e r  
plague h i s t o r y  i l l u s t r a t e s  how outbreaks 
can take place i f  watchfulness i s  relaxed 
and protection not provided in danger areas. 
I t s  manner of  s t r i k i n g  in the f u t u r e  may 
resemble tha t  of the past.
As p rev ious ly  s t a t e d ,  the d i s e a s e  was 
f i r s t  recognized in North America during 
1900 (Hampton 1945) in the San Francisco  
area.  From that  date  u n t i l  1924, i t  s t ruck 
repea ted ly  and d i sa s t rous ly  in  C a l i fo rn ia
ourtesy of the David J. Sencer CDC Museum
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TABLE I
C A S E S  OF, A N D  DEAT H S  FROM, PLAGUE IN THE U N I T E D  STATES (HAMPTON, 1945)
YEAR CASES TOTALS
CALIF. WASH. LA. FLA. TEX. OREGON UTAH NEV. IDAHO CASES DEATHS
1900 22 22 22
1901 30 30 26
1902 41 41 41
1903 17 17 17
1904 10 10 8
1905-06 0 0
1907 178 3 181 90
1908 8 8 5
1909 3 3 1
1910 3 3 1
1911 4 4 1
1912 0 0
1913 2 2 2
1914 1 30 31 10
1915 1 1 2 1
1916-18 0 0
1919 13 15 28 18
1920 1 7 10 33 51 27
1921 3 3 6 4
1922 2 2 0
1923 1 1 0
1924 41 41 34
1925 1 1 0
1926 0 0
1927 1 1 1
1928 3 3 2
1929-32 0 0
1933 1 1 1
1934 1 1 2 1
1935 0 0
1936 3 1 4 0
1937 1 1 2 1
1938 0 0
1939 1 1 0
1940 1 1 1
1941 2 2 2
1942 1 1 . 0
1943 1* 1 1
1944 1 1 0
1945-46** 0 0
TOTAL 397 3 5b 10 33 1 2 1 1 504 318
* Case acquired in laboratory
** 1945-1946 data from Public Health Reports for 1945, 1946, and 1947, One case occurred in 
California in 1947
Courtesy of the David J. Sencer CDC Museum
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Roof rat. Domestic rats, being 
closely associated with man and 
b e a r i n g  at least one highly 
p 1ag u e - susceptible flea, are 
l a r g e l y  responsible for most 
epidemics.
u n t i l  the general  pub l ic  and publ ic  o f f i ­
c i a l s  became s u f f i c i e n t l y  aware o f  the 
hazard to support protect ive measures. From 
10 to  41 cases  occurred  annua l ly  in San 
Francisco  up to 1904. Then for  two years 
none was r e c o g n i z e d  and th e  c i t y  was 
declared to be free  of  de tec table  plague. 
During 1907, however, plague s t ruck  tha t  
c i t y  aga in .  To ta l  cases numbered 178, of  
which 87 were f a t a l .  E i g h t  c a s e s  were 
reported from San Francisco in 1908; since 
then, none has been detected in that  c ity*. 
However a few human p lague  c a s e s  were 
reported from Cal i forn ia  nearly every year 
u n t i l  1919 when 13 r e c o r d e d  c a s e s  o f  
pneumonic plague occurred in Oakland. All 
pa t ien ts  died.  A 41-case epidemic, 34 fa t a l ,  
occurred in Los Angeles during 1924. From 
tha t  date onward, control  and good fortune 
have held the ra t e  down, as noted above.
While C a l i f o r n ia  — ch ie f ly  in San Fran­
ci sco  and surrounding c i t i e s  — was having 
these d i f f i c u l t i e s ,  New Orleans, Pensacola-, 
Port  Arthur,  Beaumont, and Galveston also 
had outbreaks. Thirty  cases of plague occur­
red in New Orleans during 1914. After  years 
of  survey and con t ro l  measures, the l a s t  
reported case occurred during 1921. Florida 
and Texas c i t i e s  had a few cases  during 
1920, bu t  having  been forewarned by the  
experience of San Francisco and New Orleans, 
they quickly i n s t i t u t e d  s u f f i c i e n t  control  
measures and el iminated plague from th e i r  
borders.
SOURCES OF PLAGUE OUTBREAKS
D I R E C T L Y  F R O M  N A T I V E  R O D E N T S  O R  F L E A S
Plague among rodents of  f ie lds  and woods is  
known as  s y lv a t i c  plague. S ix ty - s ix  human 
i n f e c t i o n s  in r u r a l  w es te rn  a reas  (with  
a 63 percent  death r a t e )  have been t raced 
to  con tac t  with rodents  or  to b i t e s  from 
t h e i r  e c t o p a r a s i t e s  (Meyer 1947) . Many 
of these cases were t raced to  non-domestic 
r o d e n t s .  From 1934 th rough  1943, cases  
were reported only in C a l i fo rn ia ,  Oregon, 
Idaho, Utah, and Nevada.
One outbreak due to contact  with ground 
s q u i r r e l s  i s  d e s c r i b e d  as o c c u r r i n g  in  
Oakland in  1919. The f i r s t  p a t i e n t  in  
the s e r i e s  i s  thought  t o  have a c q u i r e d  
plague from s q u i r r e l s  which he had shot  
and p r e p a r e d  f o r  e a t i n g .  The d i s e a s e  
developed pneumonic phases .  T h i r t e e n  of  
the persons who v i s i t e d  or a t t e nded  him 
a c q u i r e d  the pneumonic i n f e c t i o n  from 
him, became i l l  w i t h  the  d i s e a s e ,  and 
d i e d .  Deaths  i n c l u d e d  two d o c t o r s  and 
two n u r s e s .
Most of  the s y lva n -a cqu i re d  plague has 
not, however, spread beyond the f i r s t  con­
t a c t ,  ( p r i n c i p a l l y  because the p a t i e n t s  
are more or l e s s  i s o l a t e d )  and pneumonic 
plague has not  r e s u l t e d .
D I R E C T L Y  F R O M  D O M E S T I C  R A T S  O R  T H E I R  
F L E A S .  Domestic  r a t s  dy ing  from plague 
are the most common sources  of  in fec t ion .  
Their blocked, p lague - in fec ted  f l e a s  feed
* With the exception of one case acquired in an experimental laboratory.
>urtesy of the David J. Sencer CDC Museum
on man as oppor tuni ty  i s  o ffe red  and thus 
pass  the d i s e a s e  from t h e i r  r a t  h os t s  
t o  him.
An i n c i d e n t  i s  d e s c r i b e d  by Ke l logg  
(1920)  i n  which the  f i r s t  case  was a 
Mexican woman in Los Angeles who se t  up a 
t r a i n  of  pneumonic cases  fo l lowing  her 
i n f e c t i o n .  F o r t y - o n e  d e a th s  r e s u l t e d .  
These included the p a t i e n t ' s  husband, an 
ambulance d r i v e r ,  nu r se s ,  a p r i e s t ,  and 
many of  the p a t i e n t ’ s v i s i t o r s .
The r a t s  i m p l i c a t e d  in t h i s  cha in  of  
d e a t h s  a r e  b e l i e v e d  to  have a c q u i r e d  
i n f e c t i o n  from n a t i v e  roden ts .
Cases in Pensacola,  New Orleans,  Beau­
mont, P o r t  A r t h u r ,  and G a l v e s t o n  were 
a p p a re n t ly  u rban -acqu i red  from domestic  
r a t  f l e a s .  M ost  o f  t h e  c a s e s  i n  San 
Francisco  were a lso  urban-acqui red .  Some 
might have o r ig ina ted  in ground s q u i r r e l s  
handled as food in San Francisco.
RELATIVE IMPORTANCE OF DOMESTIC RAT 
FLEAS AS PLAGUE VECTORS
The degree of  po ten t ia l  in fec t ion  in any 
community u s u a l ly  depends upon the kind 
and abundance of  r a t s  and f lea s  present ;  
the  amount o f  c o n t a c t  between d i s e a s e d  
animals and man; and, i f  pneumonic phases 
develop, upon the amount o f  contact between 
di seased persons and suscep t ib le  persons. 
P lague  among human be ings  i s  g e n e r a l l y  
uncommon where s u i t a b l e  d o m e s t i c  r a t  
f l e a s  a r e  uncommon. With the  excep t ion  
o f  the Oakland o u t b re a k ,  in  which the 
b a s i c  case  was a p p a r e n t l y  a c q u i r e d  by 
d i r e c t  contact  with nat ive rodents,  plague 
o u t b r e a k s  have been most d i s a s t e r o u s  
where domest ic  r a t s  and c e r t a i n  spec ies  
of  t h e i r  f l e a s  are  abundant.  These f leas  
w i l l  be considered se p a r a te ly .
ORIENTAL RAT FLEA, I t  i s  genera l ly  con­
ceded t h a t  the o r i e n t a l  r a t  f l e a ,  Xenop-  
s y l l a  c h e o p i s ,  i s  a most e f f i c i e n t  c a r ­
r i e r ,  I t  i s  p r e v a l e n t  on domes t ic  r a t s  
throughout most of  the world plague be l t ;  
experiments on i t s  a b i l i t y  as a vector  put 
i t  h i g h  on th e  l i s t  o f  v e c t o r s ;  and 
development of plague organisms within i t s  
d i g e s t i v e  t r a c t  i s  g r e a t .  According to 
Eskey (1938)  i t  causes  sha rp  but  s h o r t
ep idem ics  i n  any one community due to  
r ap id  i n f e c t i b i l i t y , quick t ransmiss ion ,  
and ea r ly  deaths of the f le as  which become 
infected.
NORTHERN RAT FLEA. N o s o p s y l l u s  f a s - 
c i a t us ,  i s  general ly  regarded as a second- 
r a t e  c a r r i e r .  Of i t ,  Eskey wrote in 1938: 
" i n s o f a r  as  i s  known, plague  epidemics  
have never  occurred in  communities where 
N. f a s c i a t u s  e x i s t e d  alone and were not  
assoc ia ted  with X. c h e o p i s , ” He adds th a t  
i f  N. f a s c i a t u s  were as e f f i c i e n t  a vector  
of  t h i s  d i sease  as X. cheopis ,  C a l i fo rn ia  
outbreaks would have been much more severe 
than they were, and th a t  these outbreaks 
would have been comparable with a Guaya­
q u i l ,  Ecuador ,  o u t b r e a k  where : (1)  X.
che o p i s  alone of  r a t  f l e a s  was p resen t ;  
(2) I t s  index on r a t s  was about twice tha t  
o f  X. cheopi s  in San Franci sco;  (3) Many 
more human c a s e s  o c c u r r e d  than  i n  San 
F ra n c i s c o .
-tenopsyiia c h e o p i s ,  the most dangerous plague 
transmittor of domestic rat fleas. (Mohr).
He believed, however, (1938) that  N. f as -  
d i a t u s  was impor tant  in  p r o l o n g i n g  e p i ­
zoot ics  of  plague among r a t s  in more nor ­
thern cl imates  in the presence of X. che ­
o p i s  even though r e l a t i v e l y  few human 
cases would r e s u l t .  He c i ted as an example
ourtesy of the David J. Sencer CDC Museum
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the S e a t t l e  plague ep izoo t ic  during 1907. 
Plague smouldered slowly among r a t s  tor  a t  
l e a s t  10 years with only three human cases 
o f f i c i a l l y  repor ted.  The recent  discovery 
o f  p l a g u e  among r a t s  in  Tacoma (1942) 
w i t h o u t  human cases  i s  p robab ly  due to 
s i m i l a r  c o n d i t i o n s .  I t  may have been a 
con t inua t ion  of  the 1907 ep izoo t ic  in the 
Puget Sound area.
Experiments  conducted by Eskey showed 
N. f a s c i a t u s  to  be only s l i g h t l y  s u s ­
c e p t i b l e  to i n f e c t i o n .  When i n f e c t e d ,  
however, t h i s  spe c ie s  may c a r ry  the i n ­
fec t ion  for  two or more months in contra st  
w i t h  X. c r i e o p i s ,  which  i s  much more 
e a s i l y  in fec ted  and which dies  in a mat ter  
o f  only a week or two.
H U M A N  FLEA. Pulex i r r i t a n s  i s  a lso  r e ­
garded as a second- ra te  c a r r i e r  in  s p i t e  
o f  t h e  f a c t  t h a t  i t  commonly l i v e s  in  
c lose contact  with man. Eskey (1930) con­
cluded t h a t ,  “ By the  process  of  e l im ina ­
t i o n ,  one i s  compel led to b e l i e v e  t h a t  
P. i r r i t a n s  i s  the  c h i e f  t r a n s m i t t i n g  
f a c t o r  in the causa t ion  of  plague in  the 
l o c a l i t i e s  of  Ecuador where no X. cheopis  
are f o u n d . . . ” He bel ieves  that  P. i rr i tans  
i s  s im i la r  to N. fa sc ia tus  in  tha t  i t  can­
no t  lo n g  s u p p o r t  e p i z o o t i c s  o f  p lague .
P. i r r i t a n s  r e c e iv e d  the d i s t i n c t i v e  
“ human” name because i t  i s  able to survive 
on human beings almost exclusively.  I t  can, 
however, maintain i t s e l f  on a number of mam­
mals, includ ing  hogs and p r a i r i e  dogs. I t  
i s  occas iona l ly  found on r a t s ,  but  Pr ince 
(1943) who examined 5,785 f leas  f ran 4,188 
domest ic r a t s  in  13 western s t a t e s  found 
none, a t t e s t i n g  to i t s  scarci ty  on them,
MOUSE FLEA.  L e p t o p s y l  la s e g n i s ,  a l s o  
commonly found on r a t s ,  i s  probably close 
to  t h i r d - r a t e  as a t r a n s m i t t e r  of  plague 
to  human beings.
STICKTIGHT FLEA. Echidnophaga g a l l i n a ­
cea, i s  abundant on r a t s  i n  c e r t a i n  s e c ­
t io n s  o f  North America. I t  probably i s  a 
t h i r d - r a t e  c a r r i e r  of  plague, although i t  
has been found n a t u r a l l y  i n f e c t e d  with a 
v i ru l e n t  s t r a i n  of  t h i s  di sease  (Wheeler, 
Douglas and Evans,  1941) . E. ga l l inacea  
acquires and transmits plague readi ly  under 
experimental condit ions (Burroughs, 1947). 
Unlike the o r i e n t a l  r a t  f l e a  which feeds
upon a l a rg e  number o f  i n d i v i d u a l  hosts  
during the course of  i t s  l i f e ,  the s t i c k -  
t igh t  i s  incl ined to be monophagous. I l l i n g ­
worth (1916) found that  adul ts  a ttach them­
selves  f i rmly to t h e i r  hos ts  and engorge 
with blood. He found t h a t  the males move 
around during the n igh t  and may be found 
a t t a c h e d  i n  d i f f e r e n t  p o s i t i o n s  each  
morning. Females, as a rule ,  do not change 
host or t h e i r  posi t ion of attachment. Even 
the  more r e s t l e s s  male makes few h o s t -  
changes. Parman (1923) found t h a t  adu l t s  
were i n a c t i v e  du r in g  the f i r s t  few days 
a f t e r  emergence and usually  did not a t tach  
themse lves  to h o s t s  u n t i l  the  f i f t h  or  
eighth day. The females became engorged and 
ov ip o s i t ion  began in from s ix  to 10 days 
a f t e r  attachment. P r a c t i c a l ly  a l l  oviposi ­
t ion  observed took place while f l ea s  were 
at tached to the host. Even copulat ion  was 
observed to take place on the hos t  with 
co pu la t in g  f lea s  a t t ached  to the head of  
the hosts about a body-length apart .  They 
remained at tached to the host  in the same 
place from four  to 19 days.
Upon the death of t h e i r  o r ig ina l  host,  or 
upon occasional  t r a n s f e r  or o ther  removal 
from the or iginal  host,  the s t i c k t i g h t  f lea 
may t r a n s f e r  to another host  and poss ibly 
infect  i t .  However, p o s s ib i l i ty  of  exchange 
to  p lague-suscep t ib le  hos ts  appears to be 
s l igh t .  Burroughs found th is  f lea  to have a 
t i c k - l i k e  habi t  o f  f eeding  to r e p l e t i o n  
on only one ind iv idua l .
The s t i c k t i g h t  f l e a  may accumulate  in  
l a rg e  numbers in the n e s t s  o f  p r e d a t o r s  
where t h e i r  in fec ted  feces and bodies may 
in fec t  rodent contac ts .  This does not seem 
to be an important  means of  t r a n s m i t t a l ,  
however, because i t  i s  r e l a t i v e ly  d i f f i c u l t  
to inocu la te  animals without considerable  
abrasion of  the skin.
MEANS OF POSSIBLE FUTURE SPREAD OF 
PLAGUE IN THE UNITED STATES
B Y  E P I Z O O T I C  W A V E S  A N D  M I G R A T I O N S .  I f
plague was introduced in to  North America 
a t  San Francisco by o r ie n ta l  shipping about 
1900, i t  has p ro g re s s ed  in la nd ,  as the 
crow f l i e s ,  for  a t  l e a s t  1 ,125 to  1,175 
miles in 47 years .  This progress ion  i s  a t
urtesy of the David J. Sencer CDC Museum
Norway r a t  burrows i n  b l u e g r a s s .  Meadowmice and 
ground s q u i r r e l s  a r e  common in  such  h a b i t a t s .  
Glove shows l o c a t i o n  o f  burrow.
a r a t e  of about 25 miles  per  year.  There 
can be l i t t l e  doubt tha t  na tu ra l  movements 
of  in fec ted  mammals and t h e i r  i l e a s  could 
be p a r t l y  responsible  for  such spread and 
t h a t  t h e i r  t r a n s p o r t a t i o n  by p r e d a t o r s  
might play a p a r t .  T ranspo r ta t ion  of i n ­
f e c t e d  man or o t h e r  mammals by common 
c a r r i e r  over land or water  could  cause 
plague, as i t  has in the past ,  to  show up 
in unexpected p l a c e s .  T r a n s p o r t a t i o n  by 
common c a r r i e r  i s  perhaps the q u i c k e s t  
method of  t r a n s m is s io n .
However, movement by most species of small 
plague-infected f ie ld  rodents i s  not great; 
although young of the year do go for th  annu­
a l ly  to seek new and unoccupied t e r r i t o r i e s ,  
they general ly move only a few hundred yards 
away f r o n ^ t h e i r  po in t s  of  o r ig in .
In most c a se s ,  n a tu re  con i ines  mammal 
popula t ions  to expansion wi th in  s u i t a b l e  
h a b i t a t s .  Th is  expansion,  g e n e r a l l y ,  i s  
slow although some species and va r i e t i e s  of 
mammals are known to have extended t h e i r  
range. Norway r a t s ,  for  example, have ap­
peared in western s ta t e s  a f t e r  a slow expan­
s ion  of  range, a p p a re n t ly  from the west 
coast.  The ra te  of th is  expansion, however, 
was long ago ou t s t r ipped  by plague i f  the 
disease was not  o r i g i n a l l y  present .
Domestic r a t s  migrate l o c a l ly  from time 
to time. Zinsser  (1935) reports as follows;
“Dr. Lantz t e l l s  us tha t  in 1903 hordes of 
r a t s  m ig ra te d  over s e v e r a l  c o u n t i e s  in 
western I l l i n o i s ,  suddenly appearing where 
fo r  severa l  years no abnormal numbers had 
been s e e n . ” But the waves of  these  migra­
t i o n s  break  themselves up on r e s i s t a n c e  
o f fe r ed  by unsu i t ab le  h a b i t a t s  and t e r r i ­
t o r i e s  a lready occupied by members of  the 
same spe c ie s .  They are  not  r epea ted  year 
a f t e r  year .  Such movements could  h a rd ly  
have served  as d i s p e r s a l  f a c t o r s  i n  thé  
sp re a d  of  plague a t  the r a t e  i t  appears  
to  have spread.
In Canada, in the absence of  an already-  
e s t a b l i s h e d  r a t  p o p u la t io n ,  Norway r a t s  
apparen t ly  did spread r a p id ly .  P r o fe s s o r  
V. W. Jackson of the University of Manitoba 
s ta tes :
“ The Norway r a t  entered our boundary a t  
Emerson in  1903. In  two y ea rs  ( i t )  had 
reached Winnipeg and two years l a t e r  P o r t ­
age La P ra i r ie .  By 1911 the r a t  had reached 
Brandon - a s teady spread of  25 miles per  
yea r  in  a l l  s e t t l e d  d i r e c t i o n s .  By 1920 
( i t )  was ha l f  way across Saskatchewan on a 
f a i r l y  even w e s t e r n  f r o n t  and r e a c h e d  
Alberta about 1925.”
Hie ra t e  of th is  reported spread of  r a t s  
in Canada was somewhat s im i l a r  to the rate  
of spread of plague in the United S t a te s .  
However, i t  seems u n l i k e l y  t h a t  pl ague  
could have been carr ied  inland by ra t s  from 
the wes t  c o a s t  because i t s  passage o u t ­
s t r i p p e d  t h a t  of r a t s  i n to  Montana - ( i f  
plague were not  p resen t  there  as a na t ive  
American d i sease ) .
BY PREDATORY MAMMALS AND BIRDS Wide- 
ranging p reda to r s , such as coyo te s , hawks, 
owls, and eag le s  might t r a n s p o r t  plague  
more rapidly.  I t  i s  no grea t  f e a t  fo r  these 
c r e a t u r e s  to  c a r r y  l a r g e  q u a n t i t i e s  o f  
f lea - laden prey for several  miles in order  
to  r each  t h e i r  young. I t  i s  c o n c e iv a b le  
t h a t  in  47 years  plague might  have been 
relayed the 1,175 miles from San Francisco 
to North Dakota and Kansas by t h i s  means, 
superimposed  on e p i z o o t i c s  a t  each  new 
locat ion.
P r e d a t o r s ,  p a r t i c u l a r l y  the  mammals, 
commonly accumulate  a v a r i e t y  o f  f l e a s  
from the  p rey  which th e y  e a t  o r  c a r r y  
du r in g  the breeding season. Randolph and
Courtesy of the David J. Sencer CDC Museum
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Eads (1946) found seven spec ie s  o f  f l e a s  
on 16 grey foxes;  th ree  s p e c i e s  on four  
Texas red wolves; and s ix  species  each on 
13 raccoons and 27 possums. With the pos­
s i b l e  excep t ion o f  some of  the human and 
s t i c k t i g h t  f l e a s ,  which have c a t h o l i c  
t a s t e s ,  a l l  were foreign: tha t  i s ,  belong­
i n g  p r o p e r l y  t o  s u c h  p r e y  s p e c i e s  as 
r a b b i t s  and t ree  s q u i r r e l s .  Coyotes are  
o f t e n  h e a v i l y  i n f e s t e d .  They have been 
known to c a r r y  food a d i s t a n c e  of  e ig h t  
miles  t o  t h e i r  young in the den. (Young,
1 9 3 7 ) .
J e l l i s o n  (1939) gave some a t t e n t i o n  to 
the matter  of plague-dispersal  by scavenger 
and predatory birds .  These b i rd s ,  l ike the 
p reda to ry  mammals, appear q u i t e  r e s i s t a n t  
t o  plague. He found t h a t  scavenger  b i rds  
s u c h  as crows and magpies seldom c a r r y  
e n t i r e  c a rc a s se s  to t h e i r  n e s t s .  He con­
cluded tha t  they are probably of  s l i g h t  im­
portance in i t s  d i spe rs ion  by t h a t  means. 
J e l l i s o n  found, by examination o f  12 nests ,
Cot ton  r a t s  a re  a numerous,  i nconsp icuous  sp e c i e s  o f  smal l  f i e l d  
r o d e n t ,  common in  t he  s o u t h e a s t e r n  p a r t  of  t h e  U n i t e d  S t a t e s ,  
F l e a s  from wes te rn  members have been found i n f e c t e d  with p l ague.  
(Cou r t e sy  Typhus I n v e s t i g a t i o n s  Labo ra to ry ,  Thomasvi l le ,  Ga.)
only one rodent f lea  on 54 of these birds .  
However, the predatory birds  such as  owls, 
hawks, and e a g l e s  c a r r y  a c o n s i d e r a b l e  
number of  ca rcasses  t o  t h e i r  nes t s .  Thus, 
they can s c a t t e r  f l e a s  a long  the  e n t i r e  
route.  J e l l i s o n  found seven species  of ro­
dent  f l e a s  in  the n e s t s  of  these  b i r d s .  
I n  the  n e s t  o f  one bu r row ing  owl, he 
found 109 r o d e n t  f l e a s ,  i n c l u d i n g  s i x  
s p e c i e s .  He q u o t e s  a Major B e n d i re  as 
s t a t i n g  t h a t  b u r ro w in g  owl n e s t s  i n ­
v a r i a b ly  swarm with f l e a s .  Movements of  
the burrowing owl a re ,  however, dec ide ly  
l o c a l .
Experiments  w i th  c a s t s  and d ropp ings  
o f  scavenger  and p r e d a t o r y  b i r d s  i n d i ­
ca ted  t h a t  these commonly were i n fe c te d .  
Though J e l l i s o n  was unab le  to  t r a n s f e r  
in fec t ion  to experimental animals, r e s u l t s  
o f  h i s  expe r im en t  a re  no t  n e c e s s a r i l y  
c o n c l u s i v e .
Wayson (1947) repor ted  f inding  in fec ted  
f l e a s  on wease ls  and b a d g e r s .  S ince  no 
predators  have been found p lague- in fec ted  
to date and since obl igatory predatory-f leas  
are  uncommon, i t  i s  l i k e l y  t h a t  these in­
fected f leas  were acquired from the prey of 
weasels and badgers* in  question.  The species 
of f leas  concerned were not  iden t i f i ed .
There can be l i t t l e  doubt 
t h  a t  some o f  t h e  f l e a s  
c a r r i e d  to  o ther  a reas  by 
predatory iramnals and birds  
f ind new rodent  h o s t s .  I f  
in fec ted  themselves,  they 
pass t h a t  i n f e c t i o n  along 
to  these ho s t s .
Wayson, who conc luded  
t h a t  p l a g u e  had s p r e a d  
eastward in the past ,  (1947) 
thinks that  the r ap id i ty  of 
d i s s e m i n a t i o n  of  p lague  
which has occurred cannot 
be e s t i m a t e d .  He a s s e r t s  
t h a t  f u r t h e r  advancement  
eastward w i l l  be slow in 
terms of  years .  Eskey and 
Haas (1940) s t a t e d  t h a t  i t
might a t  l e a s t  progress i n t o  th a t  sec t ion  
of  th is  country occupied by ground s q u i r ­
r e l s .  Wayson, however , i n d i c a t e s  t h a t  
meadowmouse, r i ce  r a t ,  and cotton ra t  popu­
la t ions  of the e a s t e rn  h a l f  of  the United 
S ta te s  may a l so  become in fec te d .
* The f i n d i n g  o f  two p l a g u e - i n f e c t e d  t i c k s  on a badge r  (Anon 1943) i s  an i n d i c a t i o n  t h a t  t h i s  
c a r n i v o r e  mi gh t  be s u s c e p t i b l e ,  s i n c e  t i c k s  do n o t  f r e q u e n t l y  change h o s t s ,  A f r i c a n  worke r s  
have found some v i v i r r i n e  c a r n i v o r o u s  mammals s u s c e p t i b l e  t o  p l a g u e .
ourtesy of the David J. Sencer CDC Museum
MAMMALIAN RESERVOIRS
The gene ra  of  mammals, i n  a d d i t i o n  to 
domestic r a t s ,  from which plague has been 





















Woodrats, pack r a t s  
Ground-squirrels 
Marmots 
P r a i r i e  dogs 
Western chipmunks 
Pine squ ir re l s  
Kangaroo r a t s  
Cot tontai l  rabbi ts 
Jackrabbi ts
\ ¡ m  t mM i l l
W h i t e - f o o t e d  mice  a r e  commonly found  p l a g u e -  
i n f e c t e d .  S p e c i e s  o f  t h e  genus  Peromyscus  a r e  
f o u n d  n e a r l y  e v e r y w h e r e  i n  N o r t h  A m e r i c a .  
(Cou r t e sy  U. S. S o i l  Co nse rva t i o n  S e rv i c e ) .
t is sues  o f  harvest  mice have been found to 
be p l a g u e - p o s i t i v e  (Volume 62 of  P u b l i c  
Heal th Reports) .
Plague i s  not recorded from the following 
mammals o r  in  f l e a s  from them. Only a 
small ,  but unstated,  number were examined:
Lepus
Plague was a lso  reported from f leas  only, 
in the following manmalian genera, though 
t h i s  does not  n e c es sa r i ly  incr iminate  the 
hosts as plague reservoirs;
Re ithrodontomys Harvest mice
Sigmodon Cotton rats
Taxidea Badgers
Mas tela  Weasels
Eskey and Haas (1940) a lso  report  plague 
as p r e s e n t  in  f l e a s  or  t i s s u e s  of  f ly in g  










Blarina,  Cryptot is , Sorex 














Most predatory mammals (Carnivora).
In popular l i t e r a t u r e  i t  i s  common, when 
d i sc u s s in g  g ro u n d - s q u i r r e l s ,  to drop the 
p r e f i x  and r e f e r  s im ply  to  “ s q u i r r e l . ” 
From a p r a c t i c a l  control  point-of-view,  i t  
would be e r roneous  t o  assume t h a t  t r e e  
s q u i r r e l s  a re  l a r g e ly  involved in  plague 
t r a n s m i s s io n  s imply on the ba s i s  of the 
p o p u l a r  misuse of  the term “ s q u i r r e l .  ”
Few da ta  are  a v a i l a b l e  fo r  e v a lu a t i n g  
the re la t ive  importance of the many species 
of  mammals as plague rese rvoir s ,  although a 
knowledge o f  t h i s  s u b j e c t  i s  p a t e n t l y  
im p o r ta n t .  G r o u n d - s q u i r r e l s  were f i r s t  
s u s p e c t e d  in  America because  they  were 
more commonly sho t  and handled than were 
sm a l le r  or more noc tu rna l  f i e l d  roden ts .  
While i n v e s t i g a t i n g  the o r ig in  of  a case 
o f  f a t a l  plague  c o n t r a c t e d  by a b l a c k ­
smith in Contra Costa County, Rupert Blue 
suspected that  ground-squirrels ,  which the 
p a t i e n t  had hun ted ,  were the  cause .  By 
1908, proof  was obtained tha t  conspicuous 
m o r t a l i t i e s  among t h i s  l a r g e ,  d i u r n a l  
species were, in fact ,  often due to plague. 
Survey and control  programs were according­
ly concentrated upon them.
An indicat ion of the amount of detectable  
plague t h a t  e x i s t s  among g round-squ i r re l s  
may be had from a r e p o r t  by th e  Surgeon
From th e  Annual  R ep o r t  of t h e  Su rgeon  G e n e r a l ,  1920.
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Young p r a i r i e  dogs .  P r a i r i e  dogs a r e  one of  t he  more consp i cuo us  p l a g u e - s u s c e p t i b l e  mammals, 
b e i n g  d i u r n a l ,  e a s i l y  i n f e c t e d ,  and a bou t  as  l a r g e  as young c a t s .  Numerous sma l l  w i ld  ro den t s  
a p p a r e n t l y  t r a n s m i t  p lague  from one p r a i r i e  dog colony t o  a no th e r .  (Cou r t e sy  J ,  W, J a ck s on ) .
General (1927). Of 558,706 rodents examined 
between  1908 and 1927, c h i e f l y  ground- 
s q u i r r e l s  from C a l i f o r n i a ,  2 ,069 (0.4%) 
were p lague- infected .  This r e l a t i v e ly  high 
incidence was due, in p a r t ,  to  the s e l e c ­
t ion  of areas  where plague was known to be 
p r e s e n t ,  o r  l i k e l y  to  be p re s e n t .  There­
fore ,  i t  cannot be compared with the rate  
among g r o u n d - s q u i r r e l s  or  o t h e r  roden ts  
from areas  chosen a t  g r ea te r  random. Much 
h igher  r a t e s  are  r ecorded  from more r e ­
s t r i c t e d  a r e a s  and f o r  s h o r t e r  s u rv e y  
periods.
Again, from 505,097 rodents of a l l  kinds 
and a “ small number of  other s p e c i e s ” co l­
l e c t e d  from many w e s t e r n  s t a t e s  (1936­
1945) 153 pools*  o f  t i s s u e s  were found
i n f e c t e d  (Wayson, 1947) . Most of  these  
r o d e n t s  - e x a c t  number u n s t a t e d  - were
ground-squi rrels .  Since the inves t iga t ions  
were more random in  nature and organs from 
s e v e r a l  animals  were f r e q u e n t l y  pooled,  
the percentage of  i n f e c t i o n  was na tu ra l l y  
lower (0.03). Thirty-seven pools of t i s sues  
from 85,414 p r a i r i e  dogs taken during the 
l a s t  f ive  years  o f  the pe r iod  were found 
i n f e c t e d .  This  i s  a r a t e  of  0.04%, The 
d ifference i s  probably not s i g n i f i c a n t  but 
only ind ica t ive of  the general  ra te  o f  in ­
fect ion.
I n v e s t i g a t o r s  g r a d u a l l y  became aware 
tha t  other  less conspicuous, but often more 
numerous, species  were a l s o  p lague - in fec ­
ted.  During the per iod  from 1941 through 
1945, g rea te r  emphasis w a s s h i f t e d t o  such 
s p e c i e s .  Of 188,815 r o d e n t s  examined,  
38,277 were kangaroo r a t s ,  16 ,876 were 
grasshopper  mice, 16,493 were meadowmice,
* A pool  o f  t i s s u e  i s  a p o r t i o n  o f  the t i s s u e s  o f  each o f  one or  more an ima ls  o f  the same sp e c i e s ,  
c o l l e c t e d  a t  one hun t i ng  a r ea  on t h e  same day.
lourtesy of the David J. Sencer CDC Museum
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and 4,465 were marmots. Although 85,4X4 
p r a i r i e  dogs,  2 ,411 v a r i e g a t e d  ground- 
s qu i r r e l s ,  and other species were included, 
th e  r a t e  was low. Only twelve poo l s  of  
t i s s u e s  (0.006%) were found i n f e c t e d  
(Wayson, 1947).
From 1 ,186 ,777  f l e a s  t aken  from the  
505,097 rodents during the e n t i r e  ten year 
p e r i o d ,  308 pool s  were found i n f e c t e d .  
G r o u n d - s q u i r r e l s  were s t i l l  commonly 
regarded as  pr imary r e s e r v o i r s  of plague 
from which stemmed the e p i z o o t i c s  t h a t  
destroyed  t h e i r  co lon ies  and neighbor ing 
species  of mammals.
From the time of  the e a r l i e s t  surveys 
wood r a t s  were o c c a s i o n a l l y  c a ugh t  by 
i n v e s t i g a t o r s .  P oss ib ly  because of  t h e i r  
obvious r e l a t i o n s h i p  t o  domest ic  r a t s ,  
t h e i r  t i s s u e s  — and f i n a l l y  t h e i r  f leas  — 
were t e s t e d  fo r  plague .  Some were found 
t o  be i n f e c t e d .  In 1940 the  d e s e r t  wood 
r a t ,  Neotoma desertorum,  was c i t e d  as a 
p r im a ry  r e s e r v o i r  o f  plague  in  c e r t a i n  
areas .  Plague had been found among de s e r t  
wood r a t s  where t h e r e  were a lm o s t  no 
g r o u n d - s q u i r r e l s  and where o the r  n a t i v e  
roden t s  had c o n s i s t e n t l y  f a i l e d  t o  show 
in fec t ion  (Eskey and Haas, 1940),
The r o l e  of  p r a i r i e  dogs is  in  doubt .  
Although plague ep izoo t ic s  sweep through 
p r a i r i e  dog c o l o n i e s ,  a l m o s t ,  i f  not  
e n t i r e l y ,  w ip ing  many o u t ,  t h e  plague  
q u i t e  obviously might have been acquired  
from one or  more of  the mice or ground- 
s q u i r r e l s  which form a b r idge  from one 
colony  to  a n o th e r .  I t  i s  p robab le  t h a t  
p r a i r i e  dogs ,  l i k e  o t h e r  c o n s p ic u o u s  
d i u r n a l  s p e c i e s ,  were o v e r - s u s p e c t e d .
Meadowmice are f requen t ly  i n f e c te d  and 
loaded with f le a s .  They are commonly found 
to  be p l a g u e - i n f e c t e d  a lo ng  wi th  r a t s .  
According to Meyer (1947) they have been 
found to  harbor  plague in  the absence of 
g r o u n d - s q u i r r e l s .  Like g roun d -s q u i r r e l s ,  
these mice a t t a i n  la rge  absolute  numbers, 
varying from a few per acre, where present  
a t  a l l ,  t o  over 800. However, t h e i r  usual 
number is  in tens  or scores of individuals  
to the acre (Mohr, 1947).
Meyer informed the w r i te r  t h a t  plague is  
genera l ly  not  s e l f -m a in ta in ing  in ground- 
s q u i r r e l  popu la t ions  (as  few as  f ive  to
the acre) in the absence of other  capable  
rese rvo ir s .  Therefore,  wherever meadowmice 
are present ,  they must be considered as an 
important factor  because the i r  numbers are 
genera l ly  high and t h e i r  habi ts  co lon ia l .  
A c o n t ro l  aimed s p e c i f i c a l l y  a t  them may 
be c a l l e d  for  in a l a rg e  number of  cases  
i f  any sylvan control  is  deemed necessary. 
Mice of other genera are a lso  involved and 
o f ten  more numerous than ground-squ ir re ls .
Wayson found a pool of  in fected f leas  on 
cotton r a t s  which may or may not incrimin­
a te  the animal i t s e l f .  Cotton r a t s ,  l i k e  
meadowmice, a t t a i n  la rge  populat ions  and 
are there fo re  suspect  where large popula­
tions of  suscept ible  species are an indica­
tor  of  danger. Also, cotton ra t s  frequently 
i n h a b i t  o u t b u i l d i n g s  and t h e r e f o r e  can 
serve as a cons iderab le  source of contac t  
.with domest ic  r a t s .  Wayson (1947) m in i ­
mizes the possible role of  populat ion-size  
as having any r e l a t i o n  to pers i s tence of  a 
p lague  focus .  He s t a t e s :  “ N e i t h e r  the  
p e r s i s t e n c e  of a focus from year to year 
nor i t s  pr imary d i scove ry  has shown any 
c o r r e l a t i o n  with the t o t a l  popu la t ion  o f  
r o d e n t s . . .  ” Here he i s  probably r e f e r r i n g  
to extensive areas  a t  l e a s t  several  miles 
ac ross  r a t h e r  than to  s m a l l e r  u n i t s .  He 
s t r e s s e s  the role  o f  c o lo n i a l  rodent s  as 
common r e s e r v o i r s  o f  plague.
Meadowmice (M ic ro t u s )  a r e  f r e q u e n t l y  found i n ­
f e c t e d  and may be p r i m a r y  p l a g u e - r e s e r v o i r s  i n  
many l o c a l i t i e s .  They a r e  a b un d an t  and w id e ly  
d i s t r i b u t e d  in  w es t e r n  and n o r t h e a s t e r n  s t a t e s .  
Note t h a t  t he  e a r s  do n o t  show, be ing  c h a r a c t e r ­
i s t i c a l l y  h idden by f u r .  Mi cro tu s  i s  an ex t r eme ly  
abu ndan t  genus  of  mammals, v e ry  s u s c e p t i b l e  to  
p l ague  and f r e q u e n t l y  found i n f e c t e d  on t he  o u t ­
s k i r t s  of  towns where r a t s  a r e  i n f e c t e d .  (Cou r t e sy  
U. S. F i s h  and W i l d l i f e  S e rv i c e ) .
Courtesy of the David J. Sencer CDC ' iseum
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IRREGULAR OCCURRENCE OF 
PLAGUE EPIZOOTICS
P lague e p iz oo t ic s  are extremely spot ty  among rodent  popu la t ions .  The per iod 
during which plague wil l  p e r s i s t  in rodents 
of  a given area has not  been determined by 
sys tem at ic  i n v e s t i g a t i o n s  under properly 
c o n t r o l l e d  c ircumstances  (Wayson, 1947). 
Wayson c la im s  p lague  has been found in  
specimens col lected  from one lo c a l i t y  dur­
i n g  e a c h  o f  f o u r  s u c c e s s i v e  “ an im a l  
s e a s o n s . ” On the  o th e r  hand, plague was 
not  found again during four other  succes­
sive seasons ( a f t e r  having been detected in 
a given area) in  s p i t e  of  co l l ec t ions  made 
from the same area where i t  had previously 
been found.
Byington (1940) recorded s im i la r  experi ­
ence; no plague was observed among nat ive 
rodents  during two years of close observa­
t ion of an area where plague had decimated 
the rod en t s  du r ing  one season. Years o f  
nega t ive  r e s u l t s  do not  n e c e s s a r i l y  mean 
t h a t  p l a g u e  i s  n o t ,  o r  has  n o t ,  been 
p r e s e n t .
Meyer (1942) gave a descr ip t ion of  local  
s p o t t i n e s s  o f  d e t e c t a b l e  plague  a r e a s .
According to him, preliminary f i e ld  s tudies 
on the course of  plague e p i z o o t i c s  were 
made in Kern County ( C a l i f o r n i a )  du r in g  
1934 and p l a g u e  was found  p r e s e n t  
(Figure 1).  Annual surveys t h e re a f t e r  gave 
nega t ive  r e s u l t s  u n t i l  1941 when plague 
was found again among ground-squirrels  and 
t h e i r  f l e a s .  I t  was p r e s e n t  in  a t  l e a s t  
five separate and d i s t i n c t  l o c a l i t i e s ,  each 
a t  l e a s t  15 to  20 miles d i s t a n t  f rom any 
other ,  loca ted  wi th in the f o o t h i l l  area .  
Meyer concluded th a t  focal  occurrence and 
d i scont inuous  d i s t r i b u t i o n  i s  appa ren t ly  
one o f  the c h a r a c t e r i s t i c s  of  s y l v a t i c  
p lague .
Meyer a lso  discussed seasonal d i s t r i b u ­
t ion of  de tec ted plague. The f i r s t  s p e c i ­
mens o f  g r o u n d - s q u i r r e l s  p o s i t i v e  f o r  
plague were col lected on April  24. The l a s t  
specimens were taken on J u ly  17. Subse­
quen t  surveys y i e l d e d  n e i t h e r  i n f e c t e d  
f leas  nor rodents.  The durat ion of d e tec ta ­
ble act ive disease in ground-squirrel  f leas  
was t h e r e f o r e  s h o r t .  In  t h e  g round -  
squ ir rel s  themselves, the durat ion was even 
s h o r t e r ,  though on one ranch the d i sease  
had involved as much as 90% of the ground-
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FIGURE I .  P l a g ue  was found p r e s e n t  among ground s q u i r r e l s  i n  f i v e  a r e a s  b u t  n o t  among t h o s e  
from a r e a s  shown in  g r ay  i n  1941, None had been d i s c o v e r e d  in  t h i s  a r e a  du r i n g  sevep yea r s  
p r e v i o u s l y  a l t h oug h  some su r vey s ,  mast  o f  them i n t e n s i v e ,  were made t h e r e  an n u a l l y .
Courtesy of the David J. Sencer CDC Museum
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s q u i r r e l  popu la t ion .  I t  may be l a t e n t  in  
n a t i v e  r o d e n t s  i n  a form d i f f i c u l t  to  
d e t e c t  by our  p r e s e n t  methods;  i t  may 
c a r r y  over in  a r e l a t i v e l y  few f lea s ;  or 
i t  may be carr ied  over in some rodents not 
h e r e t o f o r e  examined th o ro u g h ly  d u r in g  
i n t e r - e p i z o o t i c  p e r i o d s .
AMOUNT OF EFFECTIVE CONTACT BETWEEN 
DOMESTIC RATS AND NATIVE RODENTS
The amount of  effec t ive  plague-exchanging 
contact  between domestic and native rodents 
can be measured rough ly  by the  r a t e  of  
exchange of f leas  between them. Other means 
of  exchanging plague,  say pneumonical ly, 
by d i r e c t  con tac t  of  mammals (with l iv in g  
o r  dead i n d i v i d u a l s )  o r  c o n t a c t  w i th  
in fec ted  feces,  nes t ing  mater ia l ,  or other 
mat ter,  seems un l ike ly .
Several  f a u n i s t i c  l i s t s  record sylvan- 
rodent f l e a s  on domestic r a t s .  The records 
of  Pr ince  (1943) however, are e s p e c i a l l y  
i n f o r m a t i v e  because  th e y  a r e  based on 
5,785 f l e a s  from 4,188 r a t s  caught in 13 
s t a t e s .  In addit ion to the usual r a t  f leas , 
Pr ince recorded the following f lea s  which 
a re  normal p a r a s i t e s  o f  the  s p e c i e s  o f  
mammals shown below:
F L EA
Megabothris abantis  








Opisocrost is labis 
Thrassis pe t iolatus  
Oropsylla rupestr is
Thrassis fotus







Tree squir rel s  
Pack rats  
Pack r a t s  
Ground-squirrels 
Ground-squirrels 
Ground-squi r re Is  
Ground-squirrels 
Probably ground- 
squ ir rel s  
Probably ground-




* And p o s s i b l y  o th e r  n a t i v e  rode n t s .
Eskey (1938) found 48 Malareus telchinum  
on 3,027 Norway r a t s .
Ground-squi r re l  f l e a s ,  pack r a t  f l e a s ,  
and meadowmouse f l e a s  are  most common of  
the “ foreign” f leas on ra t s .  Rarely i s  more 
t h a n  one o f  t h e s e  found a t  a t ime  on 
domest ic r a t s .  Normal p r a i r i e  dog f l e a s ,  
including Pulex i r r i ta n s ,  are absent from 
the l i s t .
FLEA -ECOLOGY SURVEYS
INLAND WESTERN AND PACIFIC-COAST STATE 
SURVEYS, A few su rve ys  of  domes t ic  r a t  
f l e a s  have been made in  i n la n d  w es te rn  
s t a t e s  and in three P a c i f i c - c o a s t  s t a t e s .  
Ihese surveys show the numbers of  sylvan- 
rodent  f l e a s  as wel l as the number of r a t  
f l ea s  found on domestic r a t s .  Data on the 
domest ic- rat  f leas  are recorded by s t a t e s  
{Tab l e  I I A * B ). A1 though i t  i s  acknowledged 
th a t  condi t ions in each s t a t e  may vary so 
widely t h a t  t h i s  method i s  too crude to 
serve maximum usefulness ,  i t  w i l l  ind ica te  
regional  tendencies .  Furthermore, t h i s  i s  
about a l l  we have in the way of  data. Where 
a breakdown appears  to be d e s i r a b l e  the  
p u b l i c a t i o n  by P r in c e  (1943) s hou ld  be 
consul  t e d .
The condit ions under which these surveys 
were made were d e s c r i b e d  as f o l l o w s :  
Norway and r o o f  r a t s  were c o l l e c t e d  by 
t r app ing  and shoot ing  in r u r a l  areas  and 
c i t i e s  during a s ix -year  period from 1935 
through 1941. Surveys were made c h i e f l y  
during the summer months.
Although data show cheopis  p resen t  from 
Washington to Ca l i fornia ,  th is  f lea appears 
to be r e l a t i v e ly  uncommon in the northern­
most s e c t i o n  o f  the P a c i f i c  c o a s t  area .  
The 23 l o c a l i t i e s  examined in  Washington 
and Oregon show only two in which cheopis  
i s  p r e s e n t .  The 21 f a r t h e r  s o u t h ,  i n  
C a l i f o r n i a ,  show ten  With cheopis .  This  
may a c coun t  in  p a r t  f o r  t h e  f a c t  t h a t  
r e l a t i v e l y  fewer  c a ses  (on ly  three from 
Sea t t le )  of plague have been reported from 
these northern s t a t e s  in con tras t  with the 
record in C a l i f o r n i a .  The da ta  a l s o  show 
th a t  cheopis  was found in r e l a t i v e l y  few 
lo c a l i t i e s  of the dry northern and southern 
s t a t e s .  Of 28 l o c a l i t i e s  from Idaho to




NUMBER OF INLAND LOCALITIES SURVEYED 
AND NUMBER WITH FLEAS (PRINCE, 1943)
STATE NUMBER OF LOCALITIES:
SURVEYED WITH WITH WITH WITH
CHEOPIS FASCIATUS GALLINACIA SEGNIS
Wash. 8 2 5 0 1
Idaho 2 0 1 0 0
Mont. 8 0 2 0 0
Ore. 15 0 7 0 1
Wyo. 3 0 1 0 0
Cal if . 21 10 10 7 9
Nev. 2 0 2 0 0
Utah 3 1* 2 0 0
Colo. 7 * 4 0 0
Nebr. 3 0 3 0 0
Ariz. 4 2 0 0 0
N.Mex. 8 2 3 3 1
Texas 3 0 2 1 0
TABLE I IB
NUMBER OF RATS EXAMINED 





CHEOPIS FASCIATUS GALLINACIA SEGNIS
Wash. 503 76 305 6 6
Idaho 246 0 62 0 0
Mont. 321 0 16 0 0
Ore. 171 0 40 '0 5
Wyo. 110 0 1 0 0
Calif . 411 735++ 42 139 39
Nev. 40 0 15 0 0
Utah 371 475* 18 0 0
Colo. 910 45** 133 0 0
Nebr. 272 0 128 0 0
Ariz. 147 10 0 0 0
N. Mex. 411 30 27 35 3
Texas 128 0 10 1 0
+ C a l c u l a t e d  from a u t h o r ’ s f i g u r e s .  These f i g u r e s  a r e  no t  
u sa b l e  f o r  c a l c u l a t i n g  i n d i c e s  bu t  only t o  compare r e l a ­
t i v e  abundance o f  f l e a s .
++ 350 o f  t h e s e  from San Diego.
* S a l t  Lake C i t y .
** Denver .
Courtesy of the David J. Sencer CDC Museum
Nebraska and Nevada to Wyo­
ming, only two were found to 
h a v e  c h e o p i s .  J e l l i s o n ,  
Kohls, and Mil ls (1943) found 
fa sc  iatus  but  no cneopis  in 
Montana. Of 15 l o c a l i t i e s  in 
New Mexico, Arizona, and in 
the  d r i e r  p a r t s  o f  Texas,  
only four showed cheopis . The 
w r i t e r ’ s e x pe r ience  i n  the 
a r id  Brownfield, Texas, area 
was s i m i l a r .  Of  s e v e r a l  
hundred Norwa y r a t s  observed 
from December 1946 th rough 
Augus t  1947,  o n l y  two or  
three bore cheopis, none bore 
f a s c i a t u s , b u t  many b o r e  
g a l l i n a c e a .
Ewing and Fox (1943), sum­
m a r i z i n g  d a t a  from o t h e r  
authors ,  record cheopis from 
I n d ia n a p o l i s ,  Ind iana ;  S t ,  
P a u l ,  M inneso ta ;  Ames and 
Des Moines, Iowa; from I l l i ­
n o i s  and Ohio;  N a s h v i l l e ,  
Tennessee; and Washington, 
D. C. I t  i s  p r o b a b l y  d i s ­
t r i b u t e d  o v e r  a somewhat  
wider range; the l o c a l i t i e s  
named above a re  in or  near  
u n i v e r s i t y  a reas  where c o l ­
l e c t i n g  i s  f a i r l y  c o n c en ­
t ra t ed .  I t  seems l ike ly  that  
t h i s  f l ea  accompanied domes­
t i c  ra t s  and that  i t s  numbers 
in  any a rea  where r a t s  are  
p resen t  depend cons iderably 
on c l i m a t e  and h o u s i n g .  
X. cheopis  p o p u la t io n s  can 
bui ld up to large proportions 
under highly a r t i f i c i a l  con­
di t ions  in c i t i e s  and garbage 
dumps of  a r e a s  o t h e r w i s e  
apparent ly  uncongenial.  This 
i s  shown by records from Sa l t  
Lake City  where 475 cheopis  
were found on 295 r a t s  caught 
in d a i r i e s ,  markets, garbage 
dumps, and s tockyards .  That 
r a t s  a r e  v i s i t e d  by f l e a s  
from nat ive rodents i s  shown 
by P r i n c e .  He r e c o r d e d  18
of  such spe c ie s  as having  been found on 
domes t ic  r a t s  d u r in g  the  course  o f  h i s  
survey.  However, p a s t  reco rds  show tha t  
danger from plague outbreaks in c i t i e s  in 
such a reas  has been small .  Not a s in g l e  
case occurred in dry inland c i t i e s  and few 
in northern c i t i e s  anywhere.
The r a t  f l e a  N. f a s c i a t u s ,  a n o t h e r  
possible  vector  of  plague, has a numerical 
d i s t r i b u t i o n  somewhat d i f f e r e n t  from that  
of cheopis. This species was found in about 
half  of the 23 lo c a l i t i e s  in Washington and 
Oregon and in  a l l  o f  the 21 C a l i f o r n i a  
l o c a l i t i e s .  I t  was found in  about h a l f  of 
t h e  d r y  n o r t h e r n - s t a t e  l o c a l i t i e s  and 
occurred l e s s  f requen t ly  in  the dry por ­
t ions  of  the southern areas .  I t s  pos i t ion  
as a p o s s ib l e  p l a g u e -v e c to r  has a l r eady  
been d i s c u s s e d .  I t  i s  r e l u c t a n t  to b i t e  
man and d i f f i c u l t  t o  i n f e c t .
PORT-CITY SURVEYS. Resul ts  of domestic­
r a t  f l ea  surveys made by other a u tho r i t i e s  
in  c i t i e s  in coa s ta l  areas are summarized 
in  Tables I I I ,  IV, and V. The more usefu l  
summaries s t r e s s  the percentages of  r a t s  
found i n f e s t e d .
Data fo r  western c i t i e s  in these tab les  
conform with the general pa t t e rn  indicated 
by P r i n c e ' s  d a ta ;  on ly  50% of  the r a t s  
examined in S e a t t l e  had f l e a s ,  and the 
c heop is  index was only 0 .7 .  In Tacoma,
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during the winter months, only nine cheopis 
were found on 2,648 r a t s .  Farther south, a t  
San Francisco,  64% of  the r a t s  had f lea s .  
Rats averaged seven f leas  each and 20% were 
cheopis.  At Los Angeles the Cheopis index 
was 0 .9  d u r in g  a su rvey  e x te n d in g  from 
December through August. (The authors had 
examined only 331 r a t s  for  f l e a s  and did 
not  r e c o r d  the p e rc e n ta g e  of  r a t s  wi th  
c h e o p i s ) .
At G a l v e s t o n ,  c h e o p i s  was the  most  
prevalen t  r a t  f lea  during the plague ou t ­
break during  the 1920’ s .  I t  was a l s o  the 
most p reva len t  a t  Mobile and a t  Jackson­
v i l l e ,  67 to 72% of the r a t s  bearing them. 
At New Or leans ,  where the  pe rcentage  of  
r a t s  with cheopis  was no t  r ecorded ,  the 
cheopis ind ices  were f a i r l y  high (2.7 for 
the year) . Far ther  north,  Phi lade lphia  had 
a sm a l l  ave rage  number o f  c h e o p i s  per  
r a t  (0 ,03  to  4 . 2 ) .
A number of these surveys are inadequate 
by p r e s e n t  s t a n d a r d s  and n e e d s .  T h i s  
i s  p a r t l y  due to i r r e g u l a r  d i s t r i b u t i o n  
o f  samples dur ing  the  season and p a r t l y  
b e c a u s e  p e r c e n t a g e s  o f  r a t s  i n f e s t e d  
by each species of  f l ea  are not recorded. 
They do show, however, t h a t  c i t i e s  which 
s u f f e r  from r e a l  p lague  o u t b r e a k s  had 
a high p r opo r t ion  of r a t s  i n f e s t e d  wi th  
c h e o p i s .
TABLE I I I  
PERCENT OF RATS WITH FLEAS (YEAR)
CITY ALL FLEAS • CHEOPIS FASCIATUS SEGNIS CM. 11 SACKA
Sea t t le 50 _ — —
San Francisco 64 — — — —
norvegicus — 27 58 28 0
r a t t u s — 34 11 15 0
Berkeley and
Oakland 77 — — — —
New Orleans 87 _ — — —
Mobile —. 67* 14 14 10
Jacksonvi lle — 72** 6 27 19
Norfolk 57 — — — — ■
New York 35 __ — — —
Providence 57 — — — —
Boston 43 — ■ — — —
*
** Var ied  from 26 t o  94 Var ied  from 16 t o  92
Courtesy of the David J. Sencer CDC Museum
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DURATION, DATA AND DESCRIPTION OF CITY SURVEYS
TABLE IV








Sea t t le Fricks,  1936 261 — Apr. ’2 7 - A u g .  ’29
Tacoma Hundley & Nasi, 1945 2,048 72 Nov. ’42 —Mar. ’43
San Francisco Eskey, 1938 3,027 75+ 1936 -  1937
Berkeley and 
Cfekland Mitzmain, 1910 4,916 -- Jan. —Dec. 1909
Los Angeles Trimble & Sherrod, 1935 231 97 Dec. ’31 -A ug .  ’32
Galveston Boyd & Kemmerer, 1920 46,623** — June — Dec. 1920
Galveston Surgeon General, 1921 46 23 July ’20 -  June '21
Galveston Surgeon General, 1922 56 — July ’20 — June '21
New Orleans Surgeon General, 1916 1,268 71* July ’15 — June ’16
New Orleans Surgeon General, 1921 2,144 — Nov. ’22 — June ’23
New Orleans Surgeon General, 1922 3,839 90+* July ’21 —June ’22
New Orleans Fox and Sull ivan, 1925 1,661 86* July ’20 -  June ’ 21
Mobile Cole & Koeppke, 1946 6,123 95 Jan, —Dec. 1934
Pensacola Surgeon General, 1921 752 91 July ’20 -  June ’21
Jacksonvi l le Rumreich & Wynn, 1945 4,853 93 Jan. —Dec. 1934
Savannah Fox, 1931 387 — Feb. -  Mar. 1927
Sav annali Fox, 1931 500 — Sept. —Oct. 1927
Norfolk Hasselt ine, 1929 1,561 99+ Mar. '27 — Mar. ’28
Philadelphia Vogel & Cadwellader,1935 2,765 99+ May ’32 —Dec. '33
New York Fox & Sull ivan, 1925 4,756 99+ Apr. '23 -  Feb. ’25
Providence Robinson, 1913 342 — J u l y - D e c .  1912
Boston Fox & Sull ivan, 1925 1,524 — Dec. '22 -N ov .  '23
* C a l c u l a t e d  from a u t h o r ' s  f i g u r e s .
** Most o f  t he  r a t s  were caught  dead in snap t r a p s .
p urtesy of the David J. Sencer CDC Museum
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TABLE V
SPECIES- COMPOSITION OF FLEA INFESTATIONS
( PERCENT) AVERAGE NO FLEAS PER RAT
CITY CHEOPIS FASCIATUS SEGNIS GALLINACEA ALL SPECIES CHEOPIS
Seat t le 22 67 11 0 3 0.4
Tacoma * * 95+ 0 0 1.2 —
San Francisco 20* 66* ** 0 7 —
Berkeley and
Oakland — — — — 2,8 —
Los Angeles 31* ++ * * * — , 1.0 0.9
Galveston '20 * * * * * — — 25 —
Galveston ’21 90 7 3 0 _ —
Galveston ’22 * * * 0 * * ** — —
New Orleans ’16 74* 2* 30* * * 3,5 1.0-7.7
New Orleans ’21 — — — — \ 3.3 —
New Orleans '22 37 0 58 0 4.8 1.7
New Orleans ’25 72 0.5 27 ** 2.3 1.2-3.2
Mobile 64 9 9 16 7 2.6-9.4
Pensacola 54* 7* 2* + 11 5
Jacksonvi lle 58 2 19 20 6 1.6-7.5
Savannah 51 20 26 3 4.6 2.3-7.2
Norfolk 82 18 0 0 0.02-8.4
Philadelphia 60 32 ** ** 1.6 .02-2.3
New York 30 70 * 0 0.9 0-0.8
Providence 75 22 3 — 4-10
Boston 33 64 * 0 1.0-1.4 0.1-1.0
+ Gal l i nacea  no t  r e co rded  bu t  Pulex  i r r i t a n s  r e co rd ed  as  making up about  20%.
Some o f  t he s e  su rveys  were i n t end ed  c h i e f l y  t o  de t e rmine  cheopis  i n d i c e s  hence o th e r  
sp e c i e s  o f  f l e a s  were n o t  r ecogn i zed  o r  no t  counted.  Pe r c en t a g es  a r e  t h e r e f o r e  no t  
monobasic but  g ive on ly  g e ne ra l  i n d i c a t i o n s .  They a l s o  vary  in  a ccordance  w i t h  t h e  
t ype  o f  h a b i t a t ,  t he  spe c i e s - c o m po s i t i o n  o f  t he  r a t  s ample  and w i t h  t he  method o f  
i n t e r p r e t a t i o n  o f  t h e  s ea sona l  d a t a .
* C a l c u l a t e d  from a u t h o r ’ s t o t a l  f i g u r e s .
** P re s en t ,  bu t  i n  smal l  numbers
*** Was most p r e v a l e n t ,  numerous,  o r  predominant  f l e a .
Courtesy of the David J. Sencer CDC Museum
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SOUTHEASTERN STATES SURVEYS
Surveys in connection with murine typhus 
con tro l  by nine  sou theas te rn  s t a t e s ,  co­
op e ra t in g  with the Communicable Disease 
Center,  have r e s u l t e d  in the add i t io n  of  
c o n s id e r a b l e  da ta .
Of these s t a t e s ,  Texas i s  of p a r t i c u l a r  
i n t e r e s t  because, as  in C a l i f o r n i a ,  the 
presence of  plague in  n a t iv e  roden ts  i s  
c lo se  to a dangerously high populat ion of 
cheopis  on domestic r a t s .  Analysis of 1946 
and 194-7 da ta  shows t h a t  r a t s  i n  s o u th ­
eastern Texas (east  of the. 100° west longi­
tude and somewhat south of the Dal las-Fort  
Worth level)  have a very high incidence oi 
cheopism.  Even d u r in g  w i n t e r ,  when the 
leve l  is low, more than 20 percent  of the 
r a t s  examined bore this  flea.  During summer 
more than 60 percent  bore i t .  Past records 
i n d i c a t e  t h a t  p lague  w i l l  f l o u r i s h  in  
s o u th e a s te rn  Texas i f  i t  br idges the few 
score miles  from west Texas. Plague has 
ex is ted  among domestic r a t s  in Galveston, 
Beaumont, and Po r t  Arthur .  Also,  plague 
appears  to f l o u r i s h  where murine typhus 
f l o u r i s h e s .  A high inc idence  d u r in g  a l l  
s e a s o n s  o f  the  yea r  e x t e n d s  e a s t w a r d  
through the typhus b e l t .
Data from Dallas  and For t  Worth are not 
d i s t r ib u t e d  widely enough through the year 
fo r  a n a ly s i s  by months. I nd ic a t ions  are ,  
however ,  t h a t  the  p e r c e n t a g e  o i  r a t s  
in fes ted  is  f a i r l y  high. Between 27 and 39 
percent  of  297 r a t s  captured in these two 
c i t i e s  bore c heop is .  In wes te rn  Texas, 
however ,  the  p e r c e n t a g e  o f  r a t s  w i th  
cheopis i s  considerably smaller.  Less than 
14 pe rcen t  of some 522 r a t s  taken a t  a l l  
t imes of the .year from El Paso and from 
panhandle  c o u n t i e s  were i n f e s t e d  during
1946 and 1947-
East of  Texas, the incidence of  cheopism 
i s  high in southern s t a t e s ,  p a r t i c u l a r l y  
in the typhus bel-t (see page 65). I t  i s  
lower in northern areas .  I t s  seasonal peak 
o f  abundance v a r i e s :  in  more s o u t h e r n
s t a t e s  i t  occurs  in summertime; in  more 
n o r th e r n  s t a t e s  in  the  f a l l .
The nor thern  r a t  f lea  i s  qu i te  uncommon 
in T e x a s ,  bu t  t h e  s t i c k t i g h t  f l e a  i s  
extremely common. West of the 100th degree
west longitude,  the s t i c k t i g h t  f l ea  i s  by 
far  the most abundant r a t  f lea on farms and 
on outsk ir ts  of  c i t i e s .
TEMPERATURE, LATITUDE, AND PLAGUE
The possible  e f f e c t s  of temperature on o c c u r r e n c e  of  r a t - b o r n e  and human 
plague a re  di scussed  by Robertson (1923) 
who ge n e ra l i z e d  as follows:
1) Bubonic plague i s  e ssent ia l ly  a disease 
o f  hot  c l i m a t e s .  Once i n t r o d u c e d  i n t o  
t r o p i c a l  c o u n t r i e s ,  i t  tends to p e r s i s t  
inde f i n i  t e l y .
2) Outside of the immediate t ropics,  this  
d i se a s e  i s  r a t h e r  d e f i n i t e l y  l im i te d  in  
the extent  to which i t  w i l l  spread.
3) In c o u n t r i e s  wi th  a mean midwinter  
t empera tu re  of  45° F. or below, bubonic 
pl ague  i s  o c c a s i o n a l ,  a c c i d e n t a l ,  and 
d i s t i n c t l y  s e l f - l im i te d .  I t  seems possible 
for i t  to occur in the colder regions only 
for short  periods under unusual conditions.
When eva lu a t ing  these g e n e r a l i z a t i o n s ,  
i t  i s  important to keep in mind th a t  l i t t l e  
was known concerning the d i s t r i b u t i o n  of 
s y lva t ic  plague when Robertson wrote them. 
Also, hi s  conclus ions appl ied,  and s t i l l  
apply, only to ra t -borne  and human cases.  
He found that  the area of incidence of such 
plague was bounded roughly by the t h i r t y -  
f i f t h  p a ra l l e l  both north and south of the 
e q u a t o r .  In  Europe ,  however ,  t h e  45° 
n o r th  l a t i t u d e  p r o b a b ly  d e s c r i b e d  the  
n o r th e rn  boundary more a c c u r a t e l y .  This  
n o r t h e r l y  oc c u r r e n c e  i s  due m os t ly  to  
the tempering e f f e c t  of the warm waters  
o f  the Medi te rranean .
Robertson discussed some apparent excep­
t ions to the rule of temperature, which may 
be of  i n t e r e s t  in the United S t a t e s .  One 
of the most impressive was an outbreak of
5 0 ,0 0 0  c a s e s  o f  pneumonic  p l a g u e  i n  
Manchuria during the win ter  of  1911. The 
basic causes of  th is  outbreak are  ascribed 
to  c o n t a c t  wi th  a s y l v a n  r o d e n t ,  t he  
tarbagan. Like our American marmots, the 
tarbagan harbored plague. Poor Manchurian 
p e a s a n t s  and f u r - h u n t e r s  who s k in n e d  
hundreds oi thousands of  t arbagans ,  con­
t r a c te d  plague. Crowded to ge the r  in  poor
Courtesy of the David J. Sencer CDC Museum
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FIGURE 2. Average  J a n u a r y  t e m p e ra t u r e  in  t h e  U n i t e d  S t a t e s  f o r  
t h e  p e r i o d  1899-1938 a s  shown in  Yearbook o f  A g r i c u l t u r e  f o r  
1941- Both  p l a g u e  and mur ine  t yphus  have  a t t a c k e d  man i n  t h e  
more humid, warm r eg i on s .
AVERAGE ANNUAL PRECIPITATION (IN C H E S )
FIGURE 3. Average annua l  p r e c i p i t a t i o n  i n  t he  Un i t ed  S t a t e s  f o r  
t h e  p e r i o d  1899-1938 as  shown. S e v e r e l y  d r y  c l i m a t e s  s u p p r e s s  
t h e  numbers  o f  ch eo p i s  f l e a s .
s h e l t e r s ,  they passed i t  on 
pneumonical ly to fe l low i n ­
habitants ,  f riends,  and r e l a ­
t ives .  Such an extensive out­
break could hard ly  occur in 
America unde r  our  p r e s e n t  
eat ing and l iv ing conditions.
A l i m i t e d  number o f  c a s e s  
have occurred under c i rcum­
stances  very s im i l a r  to i t ,  
however, namely 13 in Berkeley 
a n d  41 i n  Los  A n g e l e s ,
C a l i f o r n i a .
I t  i s  H o b e r t s o n ' s  theory  
t h a t  t h e  c ha in  of  p l a g u e ­
transmission from r a t  to r a t  
i s  broken in  nor the rn  l a t i ­
tudes by ear ly  onset and long 
d u r a t i o n  o f  c o ld  w e a the r .
Winter  wea ther  reduces  the 
numbers of  cheopis on rats  tc 
such a low point  tha t  plague 
d i e s  o u t .  F r i c k s ’ (1936)  
f i n d i n g s  i n  S e a t t l e ,  and 
previously-mentioned findings 
in Tacoma, apparently support 
t h i s  t h e s i s .  He s t a t e s  t h a t  
r a t  plague exis ted in Sea t t le  
f o r  a t  l e a s t  10 y e a r s ,  the 
f i r s t  i n f e c t e d  r a t  hav ing  
been found there  in November 
1907, the l a s t  in March 1917.
Fricks adds that  i t  i s  i n t e r ­
e s t i n g  to  s p e c u l a t e  on the 
l e n g t h  o f  t ime p lague  may 
have e x i s t e d  p r i o r  to i t s  
d i s c o v e r y  i n  1 9 0 7 .  H i s  
r e a s o n s :  on ly  one c ase  of  
f lea-borne plague ( the other  
two o f f i c i a  11y - r e p o r t e d  human c a s e s  
were pneumonic) i s  known to have occurred 
in S e a t t l e ;  and r a t  plague  e x i s t e d  fo r  
a lm o s t  10 y e a r s  s u b s e q u e n t l y  w i t h o u t  
a n o th e r  human c a se .  He p o i n t s  out  t h a t  
o f  two campain gs  t o  e r a d i c a t e  p lague  
i n  S e a t t l e ,  the  f i r s t ,  which fo l lowed  
p r o m p t l y  t h e  d i s c o v e r y  o f  t h e  human 
c a s e s ,  was d i s c o n t i n u e d  a f t e r  a few 
months of  a c t i v i t y .  The second,  which 
fol lowed a g r e a t  i n c r e a s e  in r a t  plague 
d i s c o v e r e d  in  O c t o b e r  1913, was d i s ­
c o n t i n u e d  a f t e r  t h r e e  y e a r s .  However, 
su rveys  con t inued  to  June 1933. F r i c k s  
c o n c l u d e d  t h a t  p r o b a b l y  no e x t e n s i v e  
i n f e c t i o n  of  r a t s  would r e s u l t  i f  plague 
were  a g a i n  i n t r o d u c e d .  H is  p r e m i s e :  
t h e  u n i fo r m ly  low f l e a  index o bse rve d  
( a n d  he m i g h t  h a v e  added  low f l e a -  
i n f e s t a t i o n - i n c i d e n c e );  and the  p r o ­
nounced  improvement  i n  s a n i t a r y  c o n ­
d i t i o n s  d u r i n g  the  p a s t  two d e c a d e s .  
F r i c k s  s t a t e s  t h a t  a l t h o u g h  S e a t t l e  
c l im a te  favors  development  of  pneumonic
Courtesy of the David J. Sencer CDC Museum
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phases, no epidemic of bubonic plague among 
humans need be f e a r e d  i f  r a t  pl ague  i s  
detected promptly and i f  reasonable measures 
are taken for i t s  control .
SUMMARY AND CONCLUSIONS
V ary ing  degrees o f  danger from plague o u t b r e a k s  appear  to  e x i s t  in  North 
America. The di sease  may, as i t  has in  the 
p a s t ,  be in troduced  in to  c i t i e s  by occa­
s io n a l  r e s i d e n t s .  These r e s i d e n t s ,  who, 
a f t e r  hand l ing  i n f e c t e d  sy lvan roden ts ,  
may r e t u r n  to a c i t y ,  develop  pneumonic 
plague, and i n f e c t  persons pneumonically 
by means o f  d rop le t  in fec t ion .  Plague may, 
as i t  has in the past ,  be introduced among 
r e s ide n t  r a t s  in  c i t i e s  by: ( 1 )  domestic
r a t s  from ships  or  other  common carr ier s ' ;  
(2) domestic r a t s  which have acquired the 
d i s e a s e  from sylvan r o den t s .  The l a t t e r  
r a t s  r e t u r n  to a c i t y  during seasona l  or 
i r r e g u l a r  movements to  and from garbage 
dumps and open country.  I t  i s  s t i l l  qui te  
p o s s i b l e  for  plague to spread n a t u r a l l y  
among n a t i v e  rod en t s .
Two weak l in k s  in  the e n t i r e  cha in  of  
plague t r a n s m i t t a l  ex i s t :  the s tage when,
a f t e r  domest ic  r a t s  a cqu i re  plague from 
sy lv a n  r o d e n t s ,  i t  i s  m a in ta ined  among 
them; and when plague is f ina l ly  t ransmitted 
from the r a t s  to human beings. Eskey (1938) 
s t a t e s  th a t  the i n t e n s i t y  of  plague e p i ­
demics i s  regulated by the species  of  f l ea  
p r e s e n t .  I t  i s  a l s o  g o v e rn e d  by th e  
prevalence of  t h a t  I l ea .
C o n t r o l ,  excep t  under  unique c i r c u m ­
stances,  wi l l  probably be aimed largely and 
most prof i tab ly  at  domestic r a t s  inside and 
near  communities, though in l imited areas 
i t  may be e x t e n d e d  to  c e r t a i n  e a s i l y  
c o n t r o l l a b l e  na t iv e  rodents .
Permanent con tro l  of r a t s  and r a t  f le as  
in  communities where plague would e x i s t  
among them prevents i t s  gaining a foothold. 
Permanent  c o n t r o l  in  n o n - i n f e c t e d  com­
munities prevents i t s  spread to them.
I t  i s  bel ieved well worth while  to con­
duct e c o lo g i c a l  surveys o f  r a t  f l e a s  in  
su f f i c i e n t  proportion to measure and d e l in ­
eate varying types of danger areas wherever 
operations for control  are undertaken.
u
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COUNTIES PRE-APPROVED FOR 
TYPHUS CONTROL OPERATIONS — 1948 SEASON
Computed from (1)  c o u n t i e s  w i t h  10 or  more c a s e s  o f  human typhus  
p e r  y e a r  f o r  5 - y e a r  p e r i o d  1943-1947;  (2)  c o u n t i e s  w i t h  10 or  more 
c a s e s  f o r  y e a r  1947.
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C P I
a n d  Control  A c t i v i t i e s
by
s a r e s u l t  oí  the d i s -  
•covery of plague in C a l i ­
fornia f i e ld  rodents in 1908, 
the Office of Plague Suppres­
s i v e  Measures ,  USPHS, San 
Francisco,  and severa l  s t a t e  
h e a l t h  d e p a r tm e n t s  in the  
West, began conducting plague 
s u r v e y s .  Teams o p e r a t i n g  
from mobile f i e l d  l a b o r a to r i e s  c o l l e c t e d  
f i e l d  rodents,  r a t s ,  hares and some preda­
to rs .  These were combed to remove a 11 ec to ­
paras i te s ,  consis ting p r inc ipa l ly  of f leas,  
which  were s e n t  t o  the  l a b o r a t o r y  fo r  
d e te rm in a t io n  of  the presence of  plague 
o r g a n i s m s .  T i s s u e s  from some of  these  
animals  were a l s o  submit ted fo r  s i m i l a r  
d e t e r m i n a t i o n s .  P o s i t i v e  f i n d i n g s  have 
been r e p o r t e d  in  weekly P u b l i c  H ea l th  
R e p o r t s .  Survey teams have o p e ra t e d  a t  
g r e a t l y  i n c r e a s i n g  d i s t a n c e s  from the 
West Coast as plague in f i e l d  rodents has 
been found fa r the r  and f a r th e r  e a s t .  Since 
1939, plague in fe c t io n  has been reported  
in 116 counties  of  15 Western and Pac if i c  
Coast  S t a t e s .  The e a s t e r n m o s t  a reas  in 










S a n i  tary Eng ¡n ee  r 
J o h n  S. W iley
Future survey work may d i scove r  plague 
i n f e c t i o n  f a r t h e r  e a s t  than i s  known a t  
present ,  suggesting g rea ter  p o t e n t i a l i t i e s  
f o r  human i n f e c t i o n  than  e x i s t  in  the  
spa rse ly  s e t t l e d  p la ins  s t a t e s .  The e a s t ­
ward e x te n s io n  of  plague may be slowed 
down as i t  encounters extensive cu l t iva ted  
a re a s  in place of western  g r a z in g  a reas  
which support r e l a t i v e ly  large populations 
of f i e l d  rodents .  But i t  seems d e s i r a b le  
and economical to apply l i m i t e d  con t ro l  
measures in the near fu tu re ,  r a t h e r  than 
t o  w a i t  u n t i l  p l ague  has r e a c h e d  the  
Mis s i ss ipp i  Valley.  In tens ive  f i e l d  study 
w i l l  be n e c e s s a r y ,  p o s s i b l y  r e q u i r i n g  
s e v e r a l  years ,  be fore  s u i t a b l e  measures 
a re  deve loped to  preven t  the  sp read  of 
plague in f ie ld  rodents. There are ce r ta in  
m e a s u r e s ,  however , which w i l l  p r o t e c t  
c i t i e s  a g a i n s t  such o u t b re a k s  as  have 
occurred in San Francisco and New Orleans. 
These are  the procedures now u t i l i z e d  in 
murine typhus c o n t r o l  in  c i t i e s  in the 
South and Southeast. They are:
(1) Ratproofing and r a t  e r a d i c a t i o n  in 
e x is t ing  business bui ldings.
(2) General s a n i t a t i o n .
S a n i t a r y  Engineer  John S. Wiley i s  Ch ie f  of  t he  Typhus Cont ro l  Branch,  E ng ine e r i ng  D iv i s i o n ,  Com­
municable  D i sea se  C en t e r ,  A t l a n t a ,  Georgia .
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(Upper)  S e t t i n g  a b a i t e d  wooden t r a p  f o r  pack  
r a t s ,  ( L o v e r  l e f t )  P a c k  r a t  (Neo to ma )  n e s t .
(3) Rat poisoning .
(4) Ratproof cons truc t ion  of new b u i l d ­
ings.
I f  the above r a t  control  measures are con­
duc ted  with con t inued main tenance  in  a 
permanent program, there  is  no reason to 
fear  outbreaks of  plague, typhus or other 
ra t -borne diseases.  Such programs a l so  are 
u s u a l l y  popular  and, to  a l a r g e  e x t e n t ,  
s e l f - s u p p o r t i n g  because o f  the  s a v ings  
r e s u l t i n g  from the e l i m i n a t i o n  of  r a t  
damage.
P R E S E N T  P L A G U E  I N V E S T I G A T I O N S  
A N D  C O N T R O L  A C T I V I T I E S
P l a g u e - p o s i t i v e  f i n d i n g s  in  f l e a s  of  
f i e l d  rodents from four ranches in Cochran 
County, Texas were reported in the spring 
of  1946. Since typhus ex is ted  in the same 
sec t ion  of  the Texas Panhandle, a combined 
plague-typhus c o n t ro l  p r o j e c t  was e s t a b ­
l ished  in an eight-county area dur ing  the
25
f a l l  of 1946. Headquarters were o r ig ina l ly  
a t  Lubbock b u t  a r e  now a t  B r o w n f i e l d ,  
T e xa s .  Because plague b a c i l l i  were r e ­
covered from f l e a s  of  p r a i r i e  dogs on a 
ranch in Dawson County in the s p r i n g  of 
1947, th i s  county was added to the or iginal  
e i g h t  coun t i e s .  The p r o j e c t  i s  operated,  
l i k e  o t h e r  CDC programs,  by the  S t a t e  
D epa r tm en t  of H e a l t h  and l o c a l  h e a l t h  
departments.
The Plague-Typhus P r o j e c t  has a two­
fold operat ional  plan. The f i r s t  i s  typhus 
c o n t r o l  and plague prevent ion  by r a t  and 
r a t - e c t o p a r a s i t e  c on t ro l ,  both urban and 
r u r a l ,  in  the nine-county a r e a .  This  i n ­
volves  the four measures mentioned above 
plus  LOT dus t ing .  The fol lowing  progress  
has been made to date:
(a) Six coun t i es  have h i r e d  permanent 
ro d en t  c o n t r o l  men and f u rn i s h e d  
t h e i r  t r a n s p o r t a t i o n  and poisoned 
ba i t s .
(b) Mobile typhus c o n t r o l  u n i t s  have 
i n a u g u r a t e d  DDT d u s t i n g  and r a t  
poisoning in e ig h t  c o u n t i e s .  These 
u n i t s  t r a i n e d  personnel  ment ioned 
above in these a c t i v i t i e s .
(c) Complete  c o u n ty - w id e  c y c l e s  o f  
d u s t i n g  and p o i s o n i n g  have been 
accomplished a t  l e a s t  once in  s ix  
counties.
(d) Dusting has been evaluated by means 
o f  r a t  e c t o p a r a s i t e  p r e v a l e n c e  
s tud ie s  and murine typhus comple­
ment - f i x a t i o n  t e s t s  on r a t s  as in 
regu la r  typhus c o n t ro l  p r o j e c t s .
(e) Ratproofing and r a t  e ra d ica t ion  in 
the e x i s t in g  business  bui ld ings  of 
Morton, Seminole,  and Brownfield 
are e s s e n t i a l l y  completed. A dozen 
other  c i t i e s  and towns have o f f i ­
c i a l l y  committed t h e m s e lv e s  to  
undertake r a tp ro o f in g  programs as 
soon as t r a in ed  h e a l t h  department  
personnel are avai lable.
The s ix  coun t ie s  mentioned under (a)  are 
Hockley, Gaines ,  Te r ry ,  Lubbock, Yoakum 
and Dawson. These count ies  deserve special  
mention because they con tr ibu te  everything 
exc ep t  DDT dust  and very l im i t e d  super -
v i s i o n ,  pay t r a v e l  e x p e n se s  o f  mobil e  
u n i t s  while present ,  and conduct t h e i r  own 
e v a l u a t i o n  t r a p p in g .  Th is  i s  rem arkab le  
b e c a u s e  ■all e x c e p t  Lubbock County  a r e  
smal l  and severa l  of the c o u n t i e s  had no 
lo c a l  h e a l t h  s e r v i c e  whatever  u n t i l  the 
Plague-Typhus Pro jec t  began. ■
The second phase of the  plan  c o n s i s t s  
of  plague i n v e s t i g a t i o n s .  These involve  
s tu d i e s  and c o l l e c t ions  of f i e l d  rodents ,  
r a t s ,  hares ,  predatory mammals and b i rd s .  
A panel-body t ruck  equipped as  a s p e c i a l  
f i e l d  l a b o r a t o r y ,  i s  manned by two or 
three men who hunt and t r a p  these animals, 
remove t h e i r  e c t o p a r a s i t e s ,  autopsy them 
and obtain t issue specimens. Pools of  e c to ­
p a ra s i t e s  and of t i s sues  are forwarded to 
the Texas S ta te  Health Department Labora­
tory  in Ajistin where they are  examined for  
the presence of the plague b a c i l l u s .  Also, 
e c topara s i te s  are iden t i f i ed ,  counted,  and 
examined bac te r io lóg ica l ly .  The Off icer  in 
Charge a t  Brownfield, Entomologis t V i r g i l
I .  M i l e s ,  d i r e c t s  the  s t u d i e s  and the  
sampling. The s tudi es  involve the d i s t r i ­
bu t ion and abundance of the va r ious  hosts  
( roden ts )  and vectors  ( e c t o p a r a s i t e s )  as 
w e l l  as  the i n t e r r e l a t i o n s  o f  h o s t  and
F l e a s  i n  t h e  mouth o f  p r a i r i e  dog bu r rows  a r e  
c o l l e c t e d  on a moving c l o t h ,  p l a c e d  i n  v i a l s ,  
and examined f o r  p l a g u e  i n  t he  l a b o r a t o r y .
Courtesy of the David J. Sencer CDC Museum
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v e c t o r i a l  s p e c i e s .  Th is  i s  a l a r g e  t a sk  
p resen t in g  many problems. A major problem 
is  the enormous numbers of  specimens r e ­
quired by present  laboratory procedures to 
produce one pos i t ive plague f inding.
The Texas Sta te  Health Off ice r  announced 
tha t  on December 23, 1947 plague organisms 
were found in a pool of 141 f leas  from pack 
r a t s  (Neotoma microphus)  c o l l e c t e d  on 
October  2 and 3, 1947, e i g h t  miles  west 
of  Lamesa in  Dawson County.  Th is  i s  the 
f i r s t  r epor t  of a pos i t ive  plague f inding  
by the Plague-Typhus Projec t  in Texas. The 
previous  r epo r t  of plague in  t h i s  county 
was by the Off ice  of Plague Suppress ive  
Measures, plague having been proved in a 
pool  of 50 f l e a s  from s i x  p r a i r i e  dogs 
on May 28, 1947. The two p o s i t i v e  a reas  
are  only approximately nine miles apar t  in 
Dawson County.
PROPOSED RAT CONTROL AND 
PLAGUE INVESTIGATIONS PROJECTS
Plague i s  or has been p resen t  in s c a t ­
t e r e d  a r e a s  from the West C oa s t  t o  the 
western North Dakota — Kansas — Oklahoma — 
Texas  l i n e .  Some of  the  a r e a s  c o n t a i n
c i t i e s  and towns having  a p p r e c i a b l e  r a t  
problems.  I t  i s  apparent  t h a t  plague i s  
o c c a s i o n a l l y  t r a n s f e r r e d  from f i e l d  to 
domestic r a t s  r e s u l t i n g  in a human plague 
outbreak. Control of f i e l d  rodents or even 
of f i e l d  r o d en t  p lague  over  n e a r l y  an 
e n t i r e  third  of the United S ta tes  obviously 
i s  impract ical . I t  i s  f eas ible ,  however, to  
p reven t  plague ou tb reaks  in c i t i e s  and 
towns by r a t  c o n t r o l  and, p o s s i b l y ,  by 
deve loping and conduct ing  l im i t e d  f i e l d  
r o d e n t  or  e c t o p a r a s i t e  c o n t r o l  e i t h e r  
s u r r o u n d i n g  the c i t i e s  or  s u r r o u n d i n g  
any nearby plague f o c i .  The l a t t e r  must 
be c a re f u l l y  s tud ied  from b i o l o g i c a l  and 
en tom o log ica l  a s p e c t s  in each  s p e c i f i c  
a r e a  b e f o r e  c o n t r o l  p r o c e d u r e s  can be 
formulated.
I t  i s  proposed in  f i s c a l  yea r  1949 to  
c o n t in u e  the  B rownf ie ld  P lague-Typhus  
P r o j e c t  and to  deve lop and u t i l i z e  a l l  
f indings to the g r e a t e s t  ex te n t  poss ib le .  
As an extension of the Brownfield s tud ies ,  
i t  is proposed that  about four r a t  con tro l - 
plague i n v e s t ig a t io n s  p r o j e c t s  be e s t a b ­
l ished in other s t a t e s  in the 1949 f i s c a l  
year .  Six areas  with both a domestic  r a t  
problem and the hazard of  s y l v a t i c  plague 
nea rby  have been t e n t a t i v e l y  s e l e c t e d .  
One of these areas  is  loca ted  in each of  
the following s t a t e s :  Wyoming, Colorado,  
New Mexico, Utah,  Washington and C a l i ­
f o r n i a .  Although each a r e a  w i l l  p r e s e n t  
d i f f e r e n t  problems,  p r e l i m i n a r y  p l an s  
i nc lude :  (1) permanent r a t  c o n t r o l  c o n ­
s i s t i n g  of the four previously enumerated 
measures and (2) the sampling and eco log­
i c a l  s tudying of f i e l d  roden ts  and t h e i r  
e c t o p a r a s i t e s  t o g e t h e r  w i th  l a b o r a t o r y  
determinations of plague.
The plague survey un i ts  of the Office of 
Plague Suppressive Measures w i l l  continue 
to  op e ra t e  in o rder  t h a t  p u b l i c  h e a l t h  
o f f i c i a l s  may be kept  informed,  as  accu ­
r a t e l y  as possible ,  of the areas  in which 
plague can be demonstrated in f ie ld  rodents 
or  t h e i r  e c t o p a r a s i t e s  t h r o u g h o u t  the  
United States .
Mobile l a b o r a t o r y  u n i t  f o r  p lague  i n v e s t i g a t i o n s  
work.
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E X P E R I M E N T A L  P L A G U E
STUART F. QUAN, LUCILE E. FOSTER, ADELIEN LARS®, AND KENNETH F. MEYER
From t h e  Geo rge  W i l l i a m s  Hoope r  F o u n d a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,
San F r a n c i s c o ,  C a l i f o r n i a .
I n July,  1944, Dr. Selman A. Waksman i n ­vi ted a study of therapeut ic properties 
of streptomycin i n Pasteurel la  p e s t i s  in fec­
t io n s .  P re l iminary  t e s t s  with a one gram 
sample of  the crude a n t i b i o t i c  gave very 
promising r e su l t s .  Subsequently, larger  lo ts  
of streptomycin were obtained through gen­
eros i ty  of  Dr. I.M, Car l i s le ,  Merck and Co., 
Inc. ,  Rahway, N.J .  A confident ia l  report  of 
r e s u l t s  was made in 1945 to the committee 
on Medical Research of the Office of  Scien­
t i f i c  Research and Development. Publ ication 
times for tha t  report  and l a t e r  s tudies  are 
indef in i t e ,  but the more s ign i f ican t  re su l t s  
are summarized here.
( 1 )  RESULTS OBTAINED IN VITRO. S t r e p t o ­
mycin in hormone broth (1,250 (ig/cc) k i l l s  
100 mil l ion v i ru l e n t  P. p e s t i s  (Shasta) in 
15 minutes.The same number of  organisms are 
destroyed in 4, 12, 24, 48, and 120 hours, 
r e s p e c t i v e ly ,  by 313 pg/cc, 78 pg/cc, 39 
pg/cc, 29 pg/cc, and 5 jjg/cc. One hundred 
thousand organisms of  a r ecen t ly  i so l a te d  
human s t r a i n  (Modoc) were k i l l e d  by 0.2 
pg/cc, and an equal amount of the "Shasta” 
s t r a i n  by 1.9 Ug/cc in 72 hours.  Amounts 
varying from 0.4 to 4.0 Pg/cc proved ba c te r i ­
c ida l  to s ix  plague s t r a i n s  of  Hawaiian,
Egyptian, Indian, and Cali fornian origin in 
f ive  days. From one to 16 u n i t s / c c  oi d i ­
hydrostreptomycin are required to s t e r i l i z e  
t h e s e  s t r a i n s  i n  f i v e  days .  A v i r u l e n t  
s t r a i n s  are  more r e s i s t a n t :  for  example, 
the E. V. 76 plague ba c i l lu s  (G i r a r d ) 1 i s  
k i l l e d  in the presence of 16 u n i t s / c c / f i v e  
days ,  s t r a i n s  14 and 1122 ( Ja w e tz  and 
Meyer)2 by e igh t  u n i t s / cc  and the Tjiwidej 
s t r a i n  ( O t te n ) 3 by four  u n i t s / c c .  In the 
presence o i  10% blood serum, 40 u n i t s / c c  
were requ i red  to k i l l  10,000 v i r u l e n t  P. 
p e s t i s  “ Yreka” in 48 hours. Other factors ,  
such as chemical composition o f  pH of  the 
suspending medium, concen tra t ion of  a n t i ­
b io t i c ,  and age and densi ty  of  cul ture,  i n ­
fluence b a c t e r i c id a l  a c t i v i t y  of s t r e p t o ­
mycin on P. pe s t i s .  Five thousand pg/cc in 
broth destroyed 22,000 mil l ion v i ru le n t  P. 
p e s t i s  (Yreka)/cc,  while the same concen­
t r a t i o n  s t e r i l i z e d  33,000 m i l l i o n / c c  in 
physiologic s a l ine .  Four v i ru l e n t  s t r a in s  
t ra ined to r e s i s t  streptomycin in the amount 
of 5,000 Pg/cc were av iru len t  and r e s i s te d  
only 2,500 uni ts /cc  dihydrostreptomycin.
(2)  EF FE C T  ON MICE AND GUINEA P I G S  
INFECTED SUBCUTANEOUSLY. R e la t ive  s e n s i ­
t i v i t y  of  P. p e s t i s  to s t reptomycin pe r-
Tii is work, recommended Dy t he  Commit tee on Medical  Resear ch ,  was done in p a r t  under  a c o n t r a c t  
between t h e  O f f i c e  o f  S c i e n t i f i c  R esea r ch  and Development  and t h e  U n i v e r s i t y  o f  C a l i f o r n i a .  The 
paper  was p r e s e n t e d  by Dr. Kenneth F. Meyer'  on December 2, 1947 be fo r e  the 43rd Annual Meet ing of  
t h e  American S oc i e t y  o f  T ro p i c a l  Medicine  a t  t he  B i l tmore  H o te l ,  A t l a n t a ,  Georgia .
" S t r e p t o m y c i n  i n  E x p e r im e n ta l  P l a g u e ’’ was p u b l i s h e d  i n  t h e  “ P r o c e e d i n g s  of  t h e  S o c i e t y  f o r  
Expe r imen t a l  B io logy  and Med ic ine” , Volume 66, Number 3, December 1947- The pape r  app ea r s  in t h e  
“CDC B u l l e t i n "  by k ind  pe rm i s s ion  o f  Dr.  Meyer and t h e  Counc i l  o f  t h e  So c i e ty ,
1 G i r a rd ,  B u l l ,  o f f i c e  i n t .  d ' hy g .  p u b l . ,  1936, 28, 1078.
2 J aw e tz  and Meyer,  J.  I n f e c t .  D i s . ,  1943, 73, 124­
3 O t t e n ,  I nd i an  J.  Med. R e s . ,  1936, 24, 73-
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tn i ts  e f f e c t i v e  t he ra py  o f  e xpe r im e n ta l  
bubonic  d i s e a s e  caused  by 100 to 1 ,000 
m ult ip le s  of  the M.L.D. in highly suscep­
t i b l e  (ABC) mice. Treatment usua l ly  begins 
on the 48th hour a f t e r  subcutaneous i n t r o ­
duction of  the b a c i l l i ,  when in fe c t io n  i s  
g e ne ra l i zed ,  a bacteremia i s  well  e s t a b ­
l i s h e d  in  40 to 60% of  the  animals ,  and 
the iimunity mechanism i s  p a r t i a l l y  damaged 
by t o x i n s .  I r r e s p e c t i v e  o f  dosage  or  
frequency o f  admin is t ra t io n ,  sulfonamides 
save an average  of  only 35% o f  mice a t  
t h i s  s t a g e  o f  i n f e c t i o n .  In 70 s e p a r a t e  
experiments ,  t r e a t i n g  as  many groups of  
20-50 mice with varying amounts of  s t r e p to ­
mycin ,  a dva nce d  e x p e r i m e n t a l  bubonic  
p l a g u e  was c o m p l e t e l y  c u r e d  w i t h  500 
Mg/th ree  hours for three days, or  a t o t a l  
of  12,000 Mg (12.0 mg.). The median e f f e c ­
t i v e  dose  was 1,000 to  1 ,250 Ug f o r  a 
20 g mouse, o r  50 t o  62 Mg/g when one 
in t r a pe r i tone a l  in je c t ion  was given on the 
48th hour o f  i n f e c t i o n .  B a c t e r i o l o g i c a l  
a u to p s i e s  demonstra ted t h a t  on the 14th 
hour  a f t e r  i n j e c t i o n  of  the  a n t i b i o t i c ,  
the sp leens  of  four  mice s a c r i f i c e d  were 
s t e r i l e ;  however, plague b a c i l l i  could be 
cu l tu red  from the hea r t  blood o f  2/4,  the 
l i v e r s  o f  3 /4 ,  and th e  lymph nodes of  
4 /4 .  Organs of  c o n t ro l  mice showed heavy 
growth of  P. pest  is  in cu l tu res  and micro- 
copical ly .  Begun on the 48th hour of infec­
t io n ,  100 M-g of  s t rep tomycin  i n j e c t e d  a t  
s i x - h o u r  i n t e r v a l s  fo r  192 hours ,  or 32 
i n j e c t i o n s  i n  a l l  (a t o t a l  of  3 .2  mg of  
s treptomycin per  mouse), always s t e r i l i z e  
the blood s t ream, sp leen  and l i v e r ;  but  
s i n c e  the  i n f e c t i o n  p e r s i s t s  i n  lymph 
nodes, about 40% of the animals ul t imately  
succumb. The r a t e  o f  su rv iva l  in mice i s  
d i r e c t l y  p r o p o r t i o n a l  to  the amount o f  
streptomycin administered. A large dose of 
a n t i b i o t i c  a t  t h e  o u t s e t  o f  i n f e c t i o n  
probab ly  k i l l s  or  i n ju r e s  the b a c i l l u s ,  
i n h i b i t s  i t s  m u l t i p l i c a t i o n  and enhances 
r e c e p t iv i ty  to phagocytosis,  which e f fec t s  
i t s  removal from the c i r c u la t io n .  There i s  
a p o s s i b i l i t y  t h a t  the r eg iona l  bubo, 
with i t s  abundant necrot ic  t is sue  and large 
number of  plague b a c i l l i ,  i s  not  immedi­
a te ly  affected,  and thus serves a s . a  seed­
bed for  r e l ap ses  and a continuous source 
o f  tox in  when the immunity mechanism i s  
not  completely mobil ized.  The l a rg e r  the 
dose, the greater  the p o s s ib i l i ty  for s t r e p ­
tomycin to d iffuse  into necro t ic  areas,  and 
the sho r te r  the course of  therapy needed. 
In the mouse the g r e a t e s t  dose,  or t h a t  
determined by t o x i c i t y ,  i s  more than ten 
times the e f f e c t iv e  dose t h a t  was used in 
the t reatment of plague i n fe c t i o n s .
Bubonic plague  i n f e c t i o n s  which have 
p r o g r e s s e d  to  an e x t e n t  comparab le  to 
48-hour infect ions in  mice occur in guinea 
pigs  120 hours a f t e r  subcutaneous i n j e c ­
t ions of  1,000 mult iples  oi the M.L.D. With 
a s t r e p to m y c in  dose of  20,000 Mg/kg or  
approximate ly 10 mg per  day, a t o t a l  of  
100 mg over a p e r io d  o f  10 days ,  80 to  
100% of  the 40 guinea pigs used in experi ­
ments were cured. I t  requ i res  l e s s  s t r e p ­
tomycin to cure guinea pigs in a s tage  of 
mild sept icemia than to  cure mice, on the 
bas i s  of un i t s  of  a n t i b i o t i c  to grams of 
body weight.  Adminis t ra t ion  of  25,000 to
50,000 Mg/kg i n  th re e  doses ,  or  a d a i l y  
i n j e c t i o n  o f  37,500 to  75,000 Mg/500 g 
gu inea  p i g  o f  e a r l y  s t r e p to m y c in  p r e p ­
a r a t i o n s  proved t o x i c ,  bu t  r e c e n t  l o t s  
of  the a n t i b i o t i c  in the same doses  are 
wel l  t o l e r a t e d .
In the t e s t s  under c o n s id e r a t i o n ,  and 
those of  Wayson and McMahon4, pers istence of 
plague b a c i l l i  in regional  buboes desp i te  
large doses of  the a n t ib io t i c  suggested lo ­
cal  chemotherapy. Guinea pigs with wel l -  
developed buboes on the 120th hour a f t e r  
subcutaneous a dm in is t ra t ion  of  100,000 P ■ 
p e s t i s ,  were i n j e c t e d  around the l o c a l  
swelling with 12,500 Mg in 0.5 cc of physio­
logic  s a l i n e  a t  12-hour i n t e r v a l s  for  10 
days. All were cured and plague les ions were 
s t e r i l i z e d .  Sodium sulfamerazine adminis­
tered in the same manner in the amount of 
500 mg/kg/12 hours was i n h ib i to r y  but not 
bacte r ic ida l ,  and cured no more than 40% of  
infected animals. Local in jec t ions  of s t r e p ­
tomycin proved very i r r i t a t i n g ,  and even 
though buboes became r a p i d l y  s t e r i l e ,  
n e c r o t i c  a r e a s  were much l a r g e r  t h a n
4 Wayson and McMahon, J .  Lab.  and C l i n .  Med. , 1946i 31, 323-
Courtesy of the David J. Sencer CDC Museum
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DYNAMICS OF STREPTOMYCIN ON EXPERIMENTAL SEPTICEMIC PLAGUE IN MICE 
( INTRAPERITQNEAL INFECTION) EXPERIMENT 97
FIGURE I .
STREPTOMYCIN IN THE THERAPY OF THE 3 6 -HOUR INTRANASAL PLAGUE
FIGURE I I
those  of  c o n t r o l s  or  of  animals  t r e a t e d  
s y s t e m i c a l l y .
(3) EFFECT ON SEPTICEMIC PLAGUE IN MICE. 
To e s t a b l i s h  maximum e f f e c t i v e n e s s  o f  
streptomycin, a rapidly  progressive SEPTI-  
MIC i n f e c t i o n  was produced in s l i g l i t l y -  
r e s i s t a n t  Swiss mice by in t r a p e r i t o n e a l l y  
i n j e c t i n g  2,000 P. p e s t i s .  Bacteremia and
toxemia e x i s t  in such mice by the 9th-12th 
hour a f t e r  infect ion ,  and death takes place 
in  34 to  72 hours.  In some r e spe c ts ,  t h i s  
i n f e c t i o n  model re semble s  the  c l i n i c a l  
form of  human sep t i cem ic  plague induced 
by d i r e c t  blood stream i n f e c t i o n  through 
several  f l e a  b i t e s .  Repeated t e s t s  of  the 
kind shown in Fig.  1 conc lu s ive ly  demon-
Courtesy of the David J. Sencer CDC Museum
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INTRANASAL PLAGUE TREATED WITH SERUM AND SULFADIAZINE
TREATMENT BEGAN
NUMBER OF THE DAY AFTER INTRA.MASAL INFECTIO«
FIGURE I I I
BACTERIOLOGICAL STUDY OF INTRANASALLY-INFECTED STREPTOMYCIN TREATED MICE
B a c t e r i a l  C O s j.r \ t  o f  u .ry t  r<z.&rte.d, O --*■—O P c r c a n t û i g s :  o k  c o o t . r o i s  c i G a  c i
mice
Q  p  PiArtgrini c o u n t  o£ »̂■trept'orrn-iciri- II I Ml Peirccari'tage ot s t r e p t o m y c in
•trc«t<iti m ice lu,n§3 m lcc. £ou.r»dL in fc c te d
FIGURE IV.
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s t r a t e d  t h a t  two to th ree  la rge  doses o f  
400 to  800 |ig a t  th ree-hour  i n t e r v a l s ,  or 
a t o t a l  of  1,200 to 1,600 Mg, cured 80 to 
90% of  non-bubonic septicemic plague in fec ­
t ions .  Small doses merely delay death.  I f  
t r ea tm ent  i s  postponed u n t i l  the 18th or  
24th hour, two doses of  800 Jig each cure 
on ly  25 to  45% o f  i n f e c t e d  mice. Only 
ear ly  t reatment  with large doses of s t r e p ­
tomycin cures  sept icemic  plague in mice. 
Su l fad iaz ine  and highly potent  an t iplague 
serum proved i n e f f e c t i v e  under i d e n t i c a l  
experimental conditions. There is  at  present 
no evidence tha t  sulfonamides s y n e rg i s t i -  
ca l ly  enhance the remedial action of s t r ep ­
tomycin. On the other hand, numerous experi­
ments furnished data tha t  potent  anti -plague 
serum administered simultaneously with small 
doses of streptomycin increased the percent­
age of cures .  Fina l ly ,  ac t ive immunization 
with plague antigens po ten t ia tes  the action 
of  streptomycin both in mice and in guinea 
p igs  and the p a r t i a l  immunity so gained 
allows use of smaller doses of  streptomycin.
(4) EFFECT OF PNEUMONIC PLAGUE IN MICE. 
Pneumonic plague infect ions may be produced 
in  mice by i n t r a n a s a l  i n s t i l l a t i o n  of  
.2,500-5,000 P. pe s t  is  in 0.05 cc of  sal ine;  
lobu la r  l e s i o n s  r ecognizable  on the 36th 
hour  a f t e r  i n f e c t i o n  c o n t a i n  s e v e r a l  
m i l l i o n  p l a g u e  b a c i l l i .  As m igh t  be 
expected,  200 to 400 |ig o f  s t rep tom ycin  
hydrochlor ide or  s u l f a t e ,  given every s ix 
h o u r s ,  e f f e c t i v e l y  cu re  90 to  95% o f  
in fec t ions .  Smaller doses or delayed t r e a t ­
ment reduces the chance for cures (Fig. 2).  
Sulfadiazine in combination with antiplague 
serum i s  l e s s  e f f e c t i v e  than streptomycin 
( F i g .  3 ) .  The r em a rk a b le  b a c t e r i c i d a l  
action of streptomycin i s  fu l ly  documented 
by p e r io d i c  b a c t e r i o l o g i c a l  au to ps ie s  of 
t r e a t e d  and u n t r e a t e d  mice (Fig.  4 ) .  Six 
hours  a f t e r  t r e a t m e n t  w i th  200 |ig had 
begun, the number o f  plague b a c i l l i  found 
in  the lungs o f  t r e a t e d  mice was reduced 
to approximately 60,000, while in untreated 
animals i t  had advanced to 10,000,000- By 
the 12th to 24th hours of  t rea tment ,  the 
s p le e n  became s t e r i l e  and 5000 or  l e s s  
organisms were counted in  the lungs.  By 
the  96th hour a f t e r  i n f e c t i o n ,  when a l l  
u n t r e a t e d  mice had d i e d ,  the lungs and
bronchial  lymph nodes of  t rea ted  mice were 
e i t h e r  s t e r i l e  or  c o n ta in e d  only a few 
thousand plague b a c i l l i  in the abscess- l ike 
pa tches  of  pneumonia. No plague b a c i l l i  
have been i s o l a t e d  from lungs o r  lymph 
nodes  100 h o u r s  a f t e r  t r e a t m e n t  w i t h  
s t rep tomycin.  These r e s u l t s  f u l l y  a t t e s t  
to the remarkable therapeu t ic  e f f i ca c y  of  
a t o t a l  o f  f i v e  mg of  s t r e p to m y c in  in  
experimental  plague of  mice. They j u s t i f y  
an exception that  i t  wi l l  be equally e f f e c ­
t i v e  in  human pneumonic plague i f  admin­
i s t e r e d  e a r l y  and in  adequate  dosage .
(5) SUGGESTED SCHEDULE OF TREATMENT IN 
HUMAN PLAGUE. Strep tomycin  i s  the most 
e f f e c t i v e  therapeu t ic  agent thus far  d i s ­
covered for the treatment  of  bubonic, sep­
t icemic and pneumonic experimental  plague 
in fe c t io n s  in mice and guinea pigs.  I t  i s  
recoimiended that  human plague be t reated as 
soon as diagnosed with da i ly  doses of two g 
of streptomycin in bubonic plague, and four 
t o  s ix  g in the sep t icemic and pneumonic 
d i s e a s e s ;  i n j e c t i o n s  should be given a t  
fou r - s ix  hour i n t e r v a l s  for  the f i r s t  two 
days. The dose may then be reduced, but in 
order to prevent c l i n i c a l  recurrences t r e a t ­
ment should be continued for a t  leas t  e ight  
days on a one g level  or subs t i tu ted  with 
adequate su lfadiaz ine  therapy. In profound 
toxemia, simultaneous admin is t ra t ion of  a 
p o t e n t  a n t i p l a g u e  serum, to a s s i s t  the 
iranunity mechanism, may prove beneficial .
SUMMARY
Streptomycin in the amounts of 0.4 to 4.0 
Mg/cc is  bac te r ic ida l  for d i f f e ren t  s t r a in s  
of P. pest  is  in five days. Advanced experi­
mental bubonic plague in mice is  completely 
cured wi th  500 |J.g/three hours fo r  th ree  
days, or a t o t a l  of  120 mg. Between 80 to  
90% of the mice in  a s t a t e  of sept icemic 
plague may be saved with a t o ta l  of  1,200 
to 1,600 [ig. The remarkable b a c t e r i c i d a l  
action of streptomycin is  best demonstrated 
on experimental  pneumonic plague; five mg 
of  the a n t i -b io t ic  s t e r i l i z e  lungs and lymph 
nodes within 100 hours a f t e r  t reatment  has 
been i n s t i t u t e d .  I t  i s  recommended t h a t  
human plague be t rea ted  as so® as diagnosed 
with two to four g of  s t reptomycin d a i l y  
depending on the s ta t e  of in fect ion.




A report on l iv in g  antip lague vaccin es (v iru s-v a cc in es) was presented at the Fourth 
Congress o f Tropical Medicine by Dr. Georges Girard, Chief o f the Plague Service o f the 
Pasteur In s t itu te  of Paris and former D irector o f  the Pasteur In s t itu te  o f  Madagascar.
Since 1934, liv in g  vaccines have replaced k i l le d  vaccines in the immunization o f man 
again st plague in Madagascar and Java.
Having observed th a t, w hile k il le d  vaccine was in e f fe c t iv e ,  a s in g le  dose o f E. V. 
virus-vaccin e produced a s o lid  and la st in g  immunity in the guinea p ig, Girard and Robic 
carried  out in ocu la tion s of the same vaccine in man in  Madagascar in 1932-1934. Otten made 
sim ila r  observations at the same time in  Java with the T jiv id ej Strain . D ifferen ces in 
immunizing power of these two stra in s  led to  the hypothesis that there are at le a s t  two 
antigens in  these v iru s-vacc in es, one a ctiv e  for the guinea pig, the other for the rat. 
The practical conclusion i s  that, for man, a combination of both stra in s would be d esirab le,
A liv in g  plague vaccine must be innocuous for man, but t h is  can be demonstrated only  
in man. I t  need not be devoid o f a l l  pathogenic power for animals in  order, to  be harm­
le s s  for man, Only by animal inoculation  can a v iru len t s tra in  be d istin gu ish ed  from an 
AVIRULENT stra in . S o-ca lled  AVIRULENT stra in s  are merely stra in s with weakened v iru len ce. 
The v iru len ce may vary according to  the animal used, the method of in ocu lation , and the 
dose. The an tigen ic  p rop erties may become le s s ,  but under natural con d ition s never be­
come greater. An av iru len t s tr a in  may have no an tigen ic power. Each s tr a in  has i t s  own 
in d iv idu al behavior on t h is  point. There is  no su r e -f ir e  method for obtain ing a sta b le  
viru s-vaccin e from a v iru len t stra in . Various methods require varying len gth s o f time.
To be e f f e c t iv e  fo r  man, a v ir u s-v a cc in e  must have the fo llo w in g  c h a r a c te r is t ic s :  
maintenance o f a certa in  degree o f v iru len ce for the guinea pig and p ers isten ce  o f the 
t o x ic i t y  o f  th e m icrobial bodies. Any plague s tr a in  to  be used for  human in ocu la tion  
must be su bject to  regular control. Conservation on n u tr it iv e  gelose, at 2-4°. with an­
nual re in o cu la tio n  has been su cc essfu l for the E, V. s tra in . I t s  c h a r a c te r is t ic s  have 
remained in ta c t for fourteen years. Passage through the guinea p ig, with seeding o f  the 
t is s u e s  of certa in  organs, w ill serve for occasional reinforcement o f antigenic properties.
A liv in g  vaccine must be prepared as needed and cannot be stocked. Because o f the im­
portance o f inocu lating the maximum o f v iab le  b acteria , the period o f v a lid ity  has been 
fixed  a rb itr a r ily  at one month, provided the ampoules are kept under re fr ig era tio n . The 
b a cter ia l content may vary widely according to the stra in  used. A s in g le  dose o f  one cu. 
cc. i s  inoculated. Because k ille d  vaccines can be stocked and quickly controlled , v iru s-  
vaccines should be reserved for stron gly  endemic areas with annual epidemics, where e f ­
f e c t iv e  e t io lo g ic a l  prophylaxis i s  im p ossib le . Mass v a cc in a tio n s  with v ir u s-v a cc in e  
reduces m orbidity by 80%. A booster in ocu lation  i s  advised before the annual epidemic; 
p ro tec tio n  i s  acquired on the f i f t h  day and i s  not preceded by a n ega tive  phase. No 
accid en ts have been reported; reaction s are s l ig h t .
Over seven m illion  human in ocu la tion s have been done in Africa, Asia, and the Ü.S.S.R. 
with various aviru lent s tra in s . Several s tra in s  have been studied in Madagascar and Java 
and others are now being studied  at the G. W. Hooper Foundation.
The r e a c tio n s  produced in  animals by l iv in g  vacc in es in d ica te  that th e p rocess of 
immunity in plague i s  c e llu la r  rather than hormonal. This i s  supported by work done on 
th e d efense mechanism o f the lung fo llow in g  in h a la tion  o f v ir u s-v a c c in e s , which a lso  
su ggests the p o s s ib i l i t y  o f a more e f f e c t iv e  p rotection  against plague pneumonia. Work 
in progress on the antigens o f  P. pest is and the iso la t io n  o f severa l fraction s, one o f  
which p r o te c ts  the guinea p ig , may lead to  g rea ter  ch oice o f v a cc in a l s tr a in s , and, 
perhaps, to  eventual su b stitu tio n  o f  chemical antigens for the present vaccin es. U ntil 
then, v ir u s-v a cc in e  represents a proved method o f  plague prevention which has already  
spared many l iv e s  in A frica  and Asia.
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P l a g u e  S u p p r e s s i v e  Measures  L a b o r a t o r y * ,  San F r a n c i s c o ,  C a l i f o r n i a
On March 6, 1900, a Chinese man died  
in the basement of the Globe Hotel in San 
F ra nc i sc o  and a po l i c e  surgeon r epo r ted  
to the c i t y  h e a l t h  o f f i c e r  t h a t  he s u s ­
p e c t e d  bubonic  p lague  as the  cause  o f  
d e a t h .  Ar rangements  were made to  have 
t h e  d i a g n o s i s  c o n f i r m e d  a t  t h e  Angel 
I s l a n d  Quaran t ine  S t a t i o n .  On March 11, 
a n im a l  i n o c u l a t i o n  and b a c t e r i o l o g i c  
s tudy of  autopsy specimens v e r i f i e d  t h i s  
as  a case  o f  p l a g u e .  T he re  fo l lowed  a 
pe r iod  o f  l ack  o f  coope ra t ion  which led 
to  i n a b i l i t y  to  p r o p e r l y  cope w i th  the 
s i t u a t i o n  when r e s p o n s i b l e  o f f i c i a l s  
f i r s t  t r i e d  to a c t .
An a t tempt  was made by c i t y  o f f i c i a l s  
to  i s o l a t e  China town b u t  t h e  l a c k  of  
funds tended to minimize m un ic ipa l  e f ­
f o r t s .  Ch May 15, a f t e r  the occurrence oi 
the fourth proven case of plague, the Sur ­
geon General  of  the U. S. Marine Hosp i ta l  
S e r v i c e  recommended the  fo l low ing :
1. Concerted a n t i - p la g u e  e f f o r t s  under 
d i r e c t i o n  o f  one person
2. I s o l a t i o n  of  suspected  area
3. Inspect ion of t r a n s p o r t a t i o n  f a c i l i ­
t i e s  leaving  San Francisco in an e l ­
f o r t  to stop exodus of Chinese
4. House-to-house inspect ion of Chinatown 
w i t h  a d m i n i s t r a t i o n  of  H a l l k i n e  
v a c c i n e
5. Estab l ishment  o f  a pes t  h o s p i t a l
6. I s o l a t i o n  of  suspected  cases
7. D i s in f e c t i n g  corps
8. D es t ruc t ion  of  r a t s
9. Inves t iga t ion of suspicious i l l n e s s e s  
in  adjacent  c i t i e s .
On May 19, the local board of heal th  o f ­
f i c i a l l y  announced the existence of plague. 
E f fo r t s  were made to f o re s ta l l  an exodus oi 
Chinese. Haffkine vaccination was supposed 
to  have been required  lo r  an e x i t  permit  
but there was considerable  unwillingness on 
the pa r t  of the Chinese to be -vaccinated.
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Federa l  in sp e c to r s  were placed on t r a i n s  
leaving San Francisco and a t  points of ex i t  
on the s t a t e  bo rder  a t  Ashland, Oregon; 
Reno, Nevada; Need les ,  C a l i f o r n i a ;  and 
Yuma, Arizona,  to  p reve n t  San F ranc i sco  
Chinese from leaving  the s t a t e .  Launches 
were used in  a 24 -hour p a t r o l  of the San 
F ra nc i sc o  w a t e r f r o n t  fo r  the purpose of 
prevent ing Chinese from leaving the c i ty .
On May 29, the board of  supervisors gave 
legal  backing to the board of health author­
iz ing  such measures to be taken as may be 
necessary for  the prevent ion and spread of 
d i s e a s e  and o rdered  an immediate cordon 
around Chinatown. Because of  the magnitude 
o f  the  j o b  and th e  l a c k  o f  funds ,  the 
e f f o r t  was not e f f e c t i v e .  On June 4, the 
governor o f  C a l i f o r n i a  r e fused  a r eques t  
for  a id  from the s t a t e  board of  heal th ,  t h  
June 6, the q u a ra n t in e  oi  Chinatown was 
ordered l i f t e d  on tli« bas i s  of  severe and 
oppressive r a c i a l  di sc r imina t ion.  This was 
the r e s u l t  of  a s u i t  brought in the United 
S t a t e s  court  t o  t e s t  the v a l i d i t y  of  the 
1890 F e d e r a l  law govern ing  movement of 
A s ia t i c s .  The se rvice o f f i c e r  in charge of  
Federal pa r t i c ipa t ion  was ordered to appear 
in cour t  to show why he should not be pun­
ished fo r  contempt. Although not  held in 
contempt,  a l l  a c t i v e  a n t i - p la g u e  e f f o r t s  
had been suspended and were not  resumed. 
However, cases  o f  plague cont inued to  be 
d i a g n o s e d  and conf i rmed  by l a b o r a t o r y  
e x a m i n a t i o n s .
Early in 1901, tfie Secre ta ry  of  Treasury 
appointed a commission o f  th ree  members, 
Simon F lexner ,  F. G. Novy, and Llewelyn 
F. Parker , to  inves t iga te  the plague prob­
lem in  San F ra nc i sc o .  In a r e p o r t  dated 
February 26, 1901, they presented unques­
t i o n a b l e  ev id e n c e  of  the  e x i s t e n c e  of  
plague. As a d i rec t  re su l t ,  representat ives  
from C a l i f o r n i a  d i sc u s s e d  the  r e p o r t  in  
Washington on March 9, and on March 22, 
agreed in San Francisco to ra ise  funds for 
immediate work as follows:
1. To d i s i n f e c t  a l l  infected houses
2. To provide a hospi ta l  for a l l  suspects
3. To provide a detent ion house
4. To provide a morgue.
By June 21, 1901, when the work was d i s ­
con t inued ,  1,180 houses had been d i s i n ­
f ec ted  using su lphur  dioxide,  steam, and 
bichlor ide of mercury. Plague continued to 
occur in 1901 anu 1902.
On November 8, 1902, work was s t a r t e d  to 
t r a p  r a t s  s y s t e m a t i c a l l y .  (Up to  t h a t  
time, some 50 to 60 r a t s  had been examined 
with n e g a t iv e  r e s u l t s . )  In a s h o r t  time 
481 r a t s  were trapped. F i f t e e n  were found 
to be plague infec ted.
On Jan u a ry  19, 1903, a con fe re nce  ol 
s t a t e  health o f f i ce r s  was held in Washing­
ton in  regard  to  the plague s i t u a t i o n  in 
the United S t a t e s  with s p e c i a l  re fe rence  
t o  San F r a n c i s c o .  The p l a g u e  p r o g r e s s  
was s e v e r e l y  c r i t i c i z e d  in  r e s o l u t i o n s  
condemning the lack  o f  c o o p e ra t io n  with 
t h e  S e r v i c e  and the  r e s u l t a n t  l a c k  o f  
p r o g re s s iv e  ac t ion  p o s s i b l e  to  cope with 
t h e  s i t u a t i o n .  T h i s  p r e s s u r e  r e s u l t e d  
in  s a n i t a r y  measures  f o r  San F r a n c i s c o  
b e in g  adopted  in  Feb ruary  1903, by the 
c i t y ,  S t a t e ,  and Federal  h e a l t h  a u t h o r i ­
t i e s .  I t  was agreed j o i n t l y :
1. To exterminate ra ts
2. To clean s t r e e t s
3. To remove garbage
4. To report  cases.
This time the work was c a r r i e d  on in an 
amicable manner. A year l a t e r  the l a s t  case 
of plague had been reported and two years 
l a t e r ,  on A p r i l  13, 1905, t h e  F e d e r a l  
Plague Laboratory was closed.  One hundred 
and twenty-one cases  and 113 dea ths  had 
occurred during the per iod.
In August 1907, th ree  cases  and deaths  
occurred in  San Franci sco  and on Septem­
ber  4, the  mayor r e q u e s t e d  the  s e r v i c e  
to  assume charge of  measures to e rad ica te  
and p reven t  spread o f  bubonic plague in 
t h a t  c i t y .  There was no lack  of  a c t i o n  
t h i s  time and cooperation was immediately 
given on a l l  s ides .  The c i t y  had riot com­
p l e t e ly  recovered from the earthquake and 
f i r e  of 1906 and condi t ions were favorable 
fo r  an epidemic ou tbreak .  On October  3, 
1907, Oakland, Alameda, and Berkeley made 
s i m i l a r  r e q u e s t s  to the S e rv ic e .  During 
the f i r s t  year ,  e f f o r t s  were l i m i t e d  to 
measures taken to diagnose plague and to  
prevent i t s  spread by action taken against  
the domestic r a t .  Then, on August 5, 1908 
a p l a g u e  i n f e c t e d  g r o u n d - s q u i r r e l  was
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found in the northern par t  oi Contra Costa 
County on a ranch where a plague death had 
occurred on Ju ly  15. l h i s  f inding  changed 
the concept about the animal r e s e r v o i r  of 
i n f e c t i o n  and even tua l ly  led the Service 
i n t o  a l l  o f  the w e s t e r n  s t a t e s  i n  i t s  
s e a r c h  fo r  o t h e r  r e s e r v o i r  h o s t s .  The 
e x i s t e n c e  o f  plague e p i z o o t i c  i n  Contra 
Costa County was suspected as ear ly  as the 
summer o f  1903. In  August of  t h a t  year ,  
two f a t a l  cases of  human infect ion occurred 
in widely separated sect ions of the county. 
I n v e s t i g a t i o n s  i n d i c a t e d  an a s s o c i a t i o n  
with g round-squ i r re ls  which, however, was 
not  confirmed a t  tha t  time.
For two y e a r s ,  e f f o r t s  were made to  
determine how f a r  the r e s e r v o i r  in ground- 
s q u i r r e l s  extended. Then in the ear ly  part  
of  1910, a concer ted  e f f o r t  was begun to 
c r e a t e  a s q u i r r e l - f r e e  zone around the 
c i t i e s  of the bay area.  Extensive d i s t r i ­
but ion of poison was undertaken. In 1913­
1914, approximately 20 m i l l ion  s q u i r r e l s  
were destroyed  by t h i s  work. By November 
1914, the opinion was ventured that grcund- 
s q u i r r e l s  could be so reduced in number so 
as to cause the disappearance of plague and 
t h a t  a l l  d i s c o v e r a b l e  p lague  had been 
e r a d i c a t e d  from the S t a te  of  C a l i f o r n i a .  
In  s p i t e  of  t h i s  e a r l y  opt imism, t h i s  
s q u i r r e l - f r e e  zone was n e v e r  a c t u a l l y  
a t t a i n e d  but  work toward t h i s  o b j e c t iv e  
was cont inued for  over 26 years .  Needless 
to say, infected ground-squirrels continued 
to  be repor ted  from time to  time, and at  
no time was i t  ever claimed that  the sq u i r ­
r e l  populat ion had been e rad ica ted .
The f i r s t  attempt  to see whether plague 
had extended i n t o  neighboring s t a t e s  was 
made in 1910-1911 when counties in Oregon 
(Jackson); Nevada(Douglas, Ormsby, Washoe); 
and Arizona were scou ted.  These r e s u l t s  
were nega t ive .  This work was i n sp i r ed  by 
the fac t  t h a t  plague had been found to be 
p reva len t  in g roun d -s q u i r r e l s  in some of 
the mountain passes which would be na tura l  
pathways for the in fec t ion  to follow i f  i t  
were to spread fromCali iornia  to neighbor­
ing s t a t e s .
In 1935, a renewed search was made for 
plague foci  in other  s t a t e s .  A mobile un i t  
was c re a te d  which began i n v e s t ig a t io n s  m
Lake County,  Oregon, and the a d j o i n i n g  
pa r t  of  the S ta te  of  Nevada because of  a 
case of  plague in tha t  area.  Thus began a 
new e ra  i n  the  s e a r c h  for  p lague  f o c i  
which e v e n tu a l l y  were d i sc o v e r e d  in  the 
15 westernmost s t a t e s  in t h i s  country.  In 
1936, f l e a s  were used for  the  f i r s t  time 
in  addi t ion  to t i s s u e  specimens as inocu­
l a t e d  m a t e r i a l .  Using t h i s  t e c h n i q u e ,  
survey work r e a l l y  began to  show r e s u l t s  
and large-scale  surveys have been conducted 
d u r in g  the  p a s t  12 yea rs  to  l o c a t e  new 
foc i  and d i sc ove r  o th e r  r e s e r v o i r  h os t s  
and vec to r s .
A review of  the h i s to ry  of plague in the 
United S t a t e s  leaves the r eader  with the  
fol lowing  impress ions :
1. E rad ica t ion  o f  the vas t  wild rodent  
populat ion i s  impossible.  Even i f  i t  
were, i t  would be economical ly inad­
v i s a b l e .  Therefore ,  human cases  a t ­
t r ibu ted  to contact  with wild rodents 
may continue to occur sporadically.
2. The extension of  plague in fe c t io n  to  
dom es t ic  rodent  p o p u la t ions  i s  the 
apparent  danger and one which could 
be preven ted  by the  a p p l i c a t i o n  of  
measures a g a i n s t  r a t s .  Methods are 
a v a i l a b l e  fo r  the  c o n t r o l  of  acu te  
e p iz oo t ic s  ( i n s e c t i c i d e s  and roden-  
t i c i d e s )  and epidemics  ( s u l f a  and 
streptomycin) in domestic rodent and 
human popula t ions  but  r e l i a n c e  upon 
them should not be too great .  Instead, 
communities i n f e s t e d  with domes t ic  
roden ts  should be encouraged to i n ­
s t i t u t e  r a tp roof ing  and r a t  e r a d i c a ­
t ion  methods.
3. S t u d ie s  shou ld  be c o n t inue d  in  an 
e f f o r t  to  l e a r n  more about  p lague  
eco lo gy ,  t h e  f a c t o r s  concerned in  
i t s  t r a n s m i s s i o n  and t h e i r  a p p l i ­
c a b i l i t y  t o  c o n t r o l  measures .
4. Surveys should  be c o n t in u e d  as in  
the  p a s t  —
a. t o  l o c a t e  new foc i
b. t o  s t i m u l a t e  s t a t e  and l o c a l  
i n t e r e s t  i n  r o d e n t  c o n t r o l  
a c t i v i t i e s
c.  t o  remind phys ic ians  to cons ide r  
plague  as a d i a g n o s i s  whenever 
i n d i c a t e d .
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THE RINGWORM EPIDEMIC IN NORTH CAROLINA
An epidemic aid  c a l l  was received  from 
Dr. Carl  V. Reynolds in connection with a 
ringworm epidemic in North Carolina. Assis­
tan t  Surgeon L. K. Bishop assis ted the s ta te  
in s e t t in g  up control  measures and conduct­
ing surveys.  He in st ruc ted  local personnel 
in the use of  Wood’s Lamp as a d iagnos t ic  
a id  and loaned the s t a t e  a lamp.
MALARIA RECORD FORMS DISTRIBUTED
The Malar ia  Case Appraisal  Record Form 
was p r i n t e d  and d i s t r i b u t e d  to  m ala r i a  
personnel.  The form was previously discussed 
with various s t a t e  he a l th  department o f f i ­
c i a l s  concerned and approved by them. He 
lorm i s  being used a t  p r e se n t  in  M is s i s ­
s ip p i ,  South Carolina,  Georgia, Arkansas, 
and Alabama. As addi tional personnel become 
ava i l ab le  i t  i s  contemplated th a t  the form 
wil l  be used in other Southern s t a t e s .  S. A. 
Surgeon G r i f f i t h  E. Quinby wil l  d i rec t  th is  
program and analyze future  r e p o r t s .
S T A T IS T IC A L  BRANCH
MALARIA. Curren t  recording  of malar ia ,  
typhus, and p o l io m y e l i t i s  cases  received 
from the Office  of  the Surgeon General was 
cont inued.  The malaria  m o r t a l i ty  r a t e  per 
1;000 square miles by s t a t e  and county was 
c a l c u l a t e d  for  1932-1946.
C o n s u l t a t io n  s e rv ic e  was given to the 
South C a r o l in a  S t a t e  Board o f  Heal th  in 
es tab l ish ing  machine procedures for proces­
s ing data  of  malaria  inves t iga t ions  on the 
Manning pro jec t .  ,
Extensive ana lyses  of  malar ia  da ta  fo r  
the United S ta tes  and gross malaria data of 
Canada and Arkansas were prepared.
TYPHUS FEVER. Reports of cases and ra te s  
fo r  s e l e c t i o n  of  a re a s  in  which c o n t r o l  
measures  a re  to  be done were p rov ided .  
C o n s u l t a t i o n  was g iven  on s t a t i s t i c a l  
c r i t e r i a  for e l imina t ing areas from opera­
t iona l  a c t i v i t i e s .  S t a t i s t i c a l  consul ta t ion 
was also provided for the typhus inves t iga ­
t io n  p ro jec t  in Thomasvilie,  Georgia,  and 
to o ther  f i e l d  programs.
POLIOMYELITIS.  Current  repor t s  of  p o l io ­
myel it is  by s t a t e s  were plot t ed.  Epidemicity 
of  t h i s  d i sease  was eva lua ted  by c o n t r o l  
c h a r t  methods.
Tabu la t ion and e v a lua t ion  o f  da ta  c o l ­
lected in the Wilmington, Delaware, p o l io ­
mye l i t i s  experience were completed.
S t a t i s t i c a l  guidance was p rov id ed  in 
evaluation of  entomological data  co l l ec ted  
in Florence,  Alabama, during  1946.
DIARRHEAL DISEASE MORTALITY.  Data o f  
spec ia l  t abu la t ion  of the Nat ional  Ofi ice  
of  V i ta l  S t a t i s t i c s  were processed.
C o n s u l t a t i o n  s e r v i c e  to  the  Dysentery 
Control Project ,  Pharr, Texas, was provided. 
Life experience tab les  of  the f i r s t  year’ s 
experience on th i s  p ro jec t  were completed. 
The Medical Off icer  in Charge a t  Pharr was 
supplied with copies of completed tabulations 
and i n t r i c a t e  s t a t i s t i c a l  ana lyses  of the
37
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p r o j e c t .  P rogre ss  was made on p rocess in g  
da ta  from March 1947 through August 1947.
Record forms and s t a t i s t i c a l  procedures for 
handling data  of dysentery invest igat ions in 
Albuquerque, New Mexico, were prepared.
S t a t i s t i c a l  c o n s u l t a t i o n  s e rv ic es  were 
prov ided to  the  Execu t ive  O f f i c e  and to 
f ive  O X  d i v i s i o n s .
Further  d e ta i led  s t a t i s t i c a l  information 
was kept on malaria,  typhus, pol iomyel i tis ,  
encepha l i t i s ,  d iar rhea ,  and dysentery.
VIRUS BRANCH TRANSFERRED TO ATLANTA
The Virus Branch was t ransfe r red  to At­
lanta  during the quarter.  Actual t ransfer  of 
pe rsonnel  and equipment was almost com­
pleted. Personnel changes of the project were: 
S. A. Surgeon G r i f f i t h  E, Quinby —Atlanta,  
Georgia, Epidemiology Division 
Engineer (B) Joseph H. C o f fey—Atlanta ,  
Georgia, Engineering Division 
Insect  Control S p e c ia l i s t  Sidney Richter — 
Pharr, Texas
S. A. Engineer  (R) S. A. Lacy — Alabama 
CDC program 
Joseph T. Grimsley — Arkansas (DC program 
A s s i s t a n t  Surgeon Lindsey K. Bishop — 
Montgomery, Alabama, LaboratoryDivision 
A s s i s t a n t  Surgeon (R) Ralph S. Paf fen-  
ba rge r ,  Dysentery Control  Program 
Entomologist Ernest  V. Welch—Entomology 
Division
S. A. S a n i t a r i a n  (R) Harold R. Dodge — 
Entomology Div is ion
TYPHUS INVESTIGATIONS
Three human cases  of  murine typhus fever 
were confirmed in Grady County; one case 
was confirmed in Decatur  County.
Trends in  abundance of  r a t s  pos i t i v e  to 
the typhus complement f ixat ion t e s t  remain­
ed e s se n t i a l ly  the same. Decatur and Grady 
were somewhat over 20 percent,  while Thomas 
and Brooks Counties were held down to less  
than 4 percent .
In the supplemental survey of typhus, no 
miscellaneous animals were lound p o s i t i v e  
to  the murine typhus complement f i x a t io n  
t e s t s  during t h i s  q u a r t e r .
Fleas s t i l l  appear to be under control  in 
d u s t e d  c o u n t i e s .  The p e r c e n t  o f  r a t s  
infested with L. Segms  in Thomas County is  
showing the species  to be on the increase;  
thus predicating a recurrence approximating 
normal f l e a  populat ions during the second 
season (1949) following discont inuance of 
dus t ing  operat ions in 1947.
Continued s l i g h t  suppressive of L. bacoti  
in Thomas and Brooks may be n o t e d .  P. 
sp irjuiosa seems to have returned to normal 
abundance levels  in these two counties.
By F i s c a l  Year 1949, t h i s  p r o j e c t  w i l l  
be a survei l lance type oi study. This phase 
of the study should be most i n t e r e s t i n g  to 
epidemiolog is ts  and to others  respons ible  
for  de termining the need fo r  i n s t i t u t i n g  
murine typhus control  operat ions. This work 
may demonstrate the period of grace expected 
to e x i s t  between s a t i s f a c t o r y  con tro l  of  
murine typhus by DDT dusting and the r e l a ­
t iv e  per iods of  time e laps ing  be fore  the 
f o l l o w i n g  e p i d e m i o l o g i c a l  f a c t o r s  a re  
r ee s tab l i she d  a t  previous leve ls :
1. Abundance of  various rat  e c to p a ra s i t e s .
2. Prevalence of murine typhus in ra t s  as ev i­
denced by the typhus complement f i x a ­
t i o n  t e s t .
3. Human incidence of murine typhus fever.
Laboratory Division
MILLER ATTENDS MEETING OF APHA’ S CO-ORDI­
NATING COMMITTEE ON LABORATORY METHODS
Dr.  Seward E. M i l l e r  a t t e nded  a March 
conference in New York as a member of the 
newly formed C o - o rd ina t ing  Committee on 
L a b o r a t o r y  Methods of  the  AP11A. A s u b ­
commit tee  of t h e  Committee on B e s e a rc h  
and S t a n d a r d s ,  t h i s  commit tee  has  the
i m p o r t a n t  f u n c t i o n  of assuming l e a d e r ­
s h ip  among e x i s t i n g  L a b o ra to ry  Methods 
Committees. I t s  du t ies :  to  e s t a b l i s h  labo­
r a t o r y  methods commit tees  and a p p o in t  
chairmen; to assu re  competent ,  adequate  
group rev iew of  l a b o r a t o r y  methods; t o  
promote the preparat ion of new labora to ry  
methods; t o  review e x i s t i n g  r e p o r t s ;  to
ourtesy of the David J. Sencer CDC Museum
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resolve con trove rs ia l  quest ions; t o  e s t a b ­
l i s h  uniform s ty l e ,  format, e t c .  followed 
in  p rep a ra t i o n  of any l ab o ra to ry  method; 
and to present  to the Corrmittee on Research 
and Standards completed manuscripts  with 
assurance  t h a t  competent group judgment 
was obtained in t h e i r  p r e p a r a t i o n .
LABORATORY PROGRAM REVIEWS COMPLETED
Dr, M i l l e r  and Dr.  T i f f a n y  comple ted 
program reviews of the Georgia Department 
of Heal th labora tor ies  and the South Caro­
l ina  Sta te  Board of Health labo ra to r ie s  in 
January.  The laborator ies  of the West V i r ­
g in ia  S ta te  Department of Health were s u r ­
veyed by Dr. T iffany in March. Dr. Mil ler  
su rv e y e d  t h e  C o n n e c t i c u t  S t a t e  H e a l t h  
Department’ s laborator ies  in March. Program 
review repo r t s  were submitted to the D i s ­
t r i c t  Direc to rs ,  at whose request the s u r ­
veys were made.
RECRUITMENT FOR LAB COURSES 
IS SUCCESSFUL
Indicat ions are that  courses in a l l  sub­
j e c t s  f o r  the remainder of  1948 w i l l  be 
o ve r - subsc r ibed .  Considerable  a s s i s t a n c e  
in rec ru i tment  has been given by n o t i c e s  
in p r o fe s s io n a l  and s c i e n t i f i c  j o u r n a l s .
27 0 LABS NOW SERVED 
BY EXTENSION SERVICE
The Extension Service has cont inued to  
maintain i t s  schedule of monthly shipments, 
the  r e c i p i e n t  l i s t  of  l a b o r a t o r i e s  now 
numbering 270. Plans are underway to  i n s t i ­
tu t e  shipment of specimens prepared by the 
mycology and tubercu los i s  s ec t ions  in the 
near fu tu re .
PARASITOLOGY BRANCH
TRAINING IN PARASITOLOGY
The t e n t h  six-weeks course in the Labo­
ra to ry  Diagnosis of P a ra s i t i c  Diseases was 
given  J a n u a r y  12 — February  20, 1948. 
Eighteen s tudent s  from 14 s t a t e s ,  Puer to  
Rico, and Canada attended.
The second two-weeks course for  l abo ra ­
t o ry  d i r e c t o r s  and sen io r  s t a f f  members 
in the same s u b je c t  was given March 8 — 
March 19, 1948. Fourteen persons from seven
Courtesy of the David J. Sencer CDC Museum
s t a t e s ,  Columbia, and China at tended .
A s e r i e s  of ten lec tu re s  and demonstra­
t i o n  pe r io d s  on hematology and h e m a to l ­
o g ica l  techniques was given to  e ig h t  CDC 
labora to ry  workers to help e s t a b l i s h  u n i ­
form techn iques in t h i s  l abo ra to ry .
Seven hundred and seven ty - th ree  s e t s  of 
specimens were prepared for  the Extension 
Se rv ice .  S l id e s  included Dermacentor an- 
dersoni;  Ornithodoros moubata; Leishmania 
donovani; M ic r o f i l a r i a e ;  E. h i s t o l y t  ica  
t rophozo i te s  and cys ts .
C o l l ec t ions  of 25 s l i d e s  were loaned to  
s i x  s t a t e s .
P a r a s i t o l o g i c a l  specimens were received 
from our un i t  in Puerto Rico and from the 
Army Medical School. Malaria blood smears 
f o r  t e a c h i n g  purposes  were made by our 
technicians  through courtesy of the N.I.H, 
Laboratory at  M i l l e d g e v i l l e . Nine hundred 
t i c k  specimens (fo r  the Extension Service)  
were received from the Rocky Mountain Labo­
r a t o r y .  Approximately 1,400 o the r  e n t o ­
m o lo g ica l  specimens were r e c e iv e d  from 
various sources for  the museum co l l e c t i o n .
INSTRUCTION IN THE DIAGNOSIS OF 
AMOEBIASIS GIVEN IN CLEVELAND, MISSISSIPPI
In March two days of l ec tu re s  and l abo ­
r a to ry  i n s t r u c t io n  were given to  38 t e c h ­
n i c i a n s  and 30 p h y s ic i a n s  a t  the  D e l t a  
S ta te  Teachers College in Cleveland,  Mis­
s i s s i p p i .  The subject :  diagnosis  of amoe- 
bias  i s .
COURSE ON THE DIAGNOSIS OF INTESTINAL 
PARASITES GIVEN IN JACKSONVILLE, TAMPA, 
AND MAIMI, FLORIDA
A reque s t  for  a s s i s tance  in e va lua t ing  
the performance of d iagnos t ic  p a r a s i t o ­
log ica l  laboratory techniques was received  
from the F lo r ida  S ta te  Heal th Department, 
This request  was made for s t a t e  and p r iva te  
l a b o r a to r i e s .  In order to  obtain coopera ­
t ion of pr ivate laborator ies  i t  was decided 
to give the i r  personnel special  in s t ruc t io n  
f i r s t .  Accordingly,  two o f f i c e r s  gave a 
s e r i e s  of  l e c t u r e s ,  with supp lem en ta ry  
labora tory  study, on the d iagnosi s  of i n ­
t e s t i n a l  paras i te s  in Jacksonvi l le ,  Tampa, 
and Miami. F a c i l i t i e s  of cen t ra l  and branch 
labora tor ies  of the State  Health Department
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were used. Over 250 s ta te  and pr iva te  t ech­
n i c i a n s  and physicians at tended.
LABORATORY INVESTIGATIONS LISTED
1. S e v e r a l  s t a i n s  were used to  s t a i n  
c u l t u r e s  of  T. cruz i  and the le i shmanias  
in  b u lk .  Giemsa s t a i n  seemed t o  be b e s t  
of  those t r i e d .
2. S tu d ie s  were c a r r i e d  out t o  d e t e r ­
mine whe the r  O f f u t t ’ s medium p e r m i t t e d  
the  “ tex tbook” p i c t u r e  of development of 
T. c r u z i .  Also, the morphological changes 
t h a t  cou ld  be expected  in  ag ing  and in 
s tock  cu l tu re s  on t h i s  medium were d e t e r ­
mined.
3. S t u d i e s  of  t h e  e f f e c t  on amoebae 
o f  d i f f e r e n t  types of p r e s e r v a t iv e s  used 
in  b a c t e r i a l  examinat ion of  s t o o l s  were 
c a r r i e d  out .
4. F u r t h e r  s t u d i e s  of  the  p o l y v i n y l  
a l c o h o l - f i x a t i v e  technique were c a r r i e d  
out t o  determine the e f f e c t  of prolonged 
exposure of  smears t o  the wet mixture  of 
alcohol  and f ixa t ive .  Deter iorat ion s tudies  
cont  inued.
5. The e f f e c t  on helminth eggs of p r o ­
longed exposure to deep freeze temperatures 
was s tu d ied .
6. The e f f e c t  of  varying the f l o t a t i o n  
time in the modified Zinc Sulfate  C en t r i fu ­
g a l  F l o t a t i o n  t e c h n i q u e  was s t u d i e d .
7. P re l iminary  r e s u l t s  are promising in 
s tud ies  aiming at the c u l t iv a t io n  of v a r i ­
ous b lood  p a r a s i t e s  by i n o c u l a t i o n  of  
i n se c t  pupae.
8. Blood smears sen t  by Dr. Walker of 
Tulane University were s ta ined by h i s  t ec h ­
nique to  determine whether or no t  t h e r e  
would be t r a n s f e r  of m a la r i a l  p a r a s i t e s .
9. Various methods were used t o  s t a i n  
known p o s i t i v e  and normal  t h i c k  b lood  
f i lms in a t tempts t o  f ind a method which 
would prevent  t r a n s f e r  of m a l a r i a l  p a r a ­
s i t e s .  Prel iminary r e s u l t s  are promising.
10. Favorable r e s u l t s  were obta ined  in 
s t u d i e s  u s in g  po lyv iny l  a l c o h o l -g i e m s a  
s t a i n  fo r  a l l  types  of blood p a r a s i t e s .
11. A study was made of the pupae of a l l  
genera of  mosquitoes found in the United 
S ta te s  which included 13 of the 15 species  
of  anophel ine mosquitoes .  Twelve p l a t e s  
were drawn showing d i s t i n c t i v e  charac te rs  
of the d i f f e r e n t  genera.
12. Exper iments  were c o n t inue d  u s in g  
methyl methacrylate  p l a s t i c  t o  embed a r ­
thropods and larger  animals. Some success  
was obtained with mounting a white mouse.
13. A p i c t o r i a l  k e y —“ A P i c t o r i a l  Key 
to  the Genera of Female Mosquitoes in the 
United S t a t e s ” was completed. Two o the r s  
have been s t a r t e d .
REFERENCE DIAGNOSTIC SERVICES PERFORMED
Diagnostic services were ca rr ied  out for  
various agencies upon request .  These s e r v ­







p r e s b . 
HOSP. BABY 
CLINIC TOTAL
Feces Exam, f o r  i n t e s t i n a l  
p a r a s i t e s
30 2 149 181
C u l t u r e  f o r  p ro tozoa 3 3
C u l t u r e  f o r  b a c t e r i a 2 2
Blood Exam, f o r  ma l a r i a 1 1 2
Exam, fo r  m i c r o f i l a r i a e 1 1 2
Exam, f o r  L.  donovani 1 1 2
C u l t u r e  f o r  L.  donovani 1 1 2
Animal i n o c u l a t i o n  
f o r  L. donovani
1 1 2
Rou t ine  coun ts  hemaglobin 
and d i f f e r e n t i a l
97 97
Ur ine Rout ine  U r i n a l y s i s 83 83
Arth ropods I d e n t i f i c a t i o n 125 1 125












Lab. Evaluation Survey 
(Mississippi)
58 14 24.1%




Jamaica 968 263 27.1%
Diagnos t ic  s e rv ic es  were a l s o  provided 
f o r  v a r i o u s  a g e n c i e s  on m a la r i a  su rvey  
s l ide s  as indicated in the above chart .
VIRUS AND RICKETTSIAL BRANCH
DIAGNOSTIC SERVICE AND EPIDEMIC AID
1. Neutra l iza t ion  t e s t s  were ca r r ied  out 
on s e r a  from many p a r t s  of the  country .  
One (4.3%) of  23 human s e ra  was p o s i t i v e  
aga ins t  EEE virus;  f ive  (8.5%) of 59 were 
p o s i t i v e  a g a in s t  WEE v i r u s ;  none of 31 
were p o s i t i v e  aga ins t  S t .  Louis E v i ru s ;  
and one (50%) of  two was pos i t ive  aga ins t  
LCM v i rus .
2. Neutral izat ion t e s t s  were done on sera 
fraii 169 animals and fowl from Tennessee 
and Louis iana.  Pos i t ive  t e s t s  fo r  EEE and 
WEE were found in several  chickens, ducks, 
geese, pigeons, Canadian r ing necked doves, 
dogs, cows, horses ,  and mules. There were 
40 p o s i t i v e  t e s t s  of 171 se ra  t e s t e d .
EXPERIMENTAL AND PRODUCTION WORK
Ex p e r im en ta l  and p roduc t ion  work was 
c a r r i e d  on as follows:
1, Because of the t r ans fe r  of the r i c k ­
e t t s i a l  serology uni t  to  the bac te r io logy  
sect ion ,  reorganization is  taking place in 
the complement f ixa t ion  un i t .  Work i s  now 
being done p repa r ing  v i ru s  a n t ig e n s  and 
a n t i s e r a  t o  carry out the necessary comple­
ment f i x a t io n  t e s t s .
2. Work i s  c o n t in u in g  on th e  use of 
a n t i b i o t i c s  as an aid  in the  i s o l a t i o n  
of v irus .
3. Successful  t rans fe r  of po l iomyel i t i s  
t o  o t h e r  monkeys has been accomplished  
through i n je c t i o n  of i n t e s t i n a l  mucosa of 
po l iom yel i t i s  monkeys.
4, Attempts are being made to  i d en t i fy
a v i r u s  r e c e n t l y  i s o l a t e d  from a c o t to n -  
r a b b i t  which does not give the  usua l  r e ­
act ions with any of the t e s t s  used so far .
5. Work has been completed id e n t i f y i n g  
a virus  iso la ted  from the bra in  of a f a t a l  
case (Nixon) of encephal i t is  in Birmingham, 
Alabama. I t  proved to  be a s t r a in  of  Herpes 
Simplex Virus .
6. Several  addi t ional  s t r a in s  of p o l io ­
m yel i t i s  and herpes v i ru ses  have been r e ­
ceived from other  workers.
7. Further  work has been done with the 
Newcast le  Disease V i rus .  N e u t r a l i z a t i o n  
t e s t s  were done with several  sera  received 
by the l a b o ra to ry .  (See c h a r t ,  page 42).
8. Inocu la t ion  of var ious l o t s  of  i n ­
sec t s  in to  mice for recovery of v i ru ses  is 
c o n t in u in g .  Fourteen l o t s  of mosqui toes  
from Louisiana and 15 l o t s  of mosqui toes  
from Galveston, Texas, produced no viruses .
9. The h i s t o p a t h o l o g y  u n i t  embedded 
and s e c t io n e d  232 specimens fo r  va r ious  
uni ts  of  CDC.
10. Experiments  are c o n t in u in g  in  a t ­
tempts t o  improve a gg lu t ina t ion  t e s t s  fo r  
v i r u s e s  using suspension of v i r u s - c o a t e d  
p a r t i c l e s .
11. The insectary for use in experiments 
wi th  i n s e c t  t r a n s m is s io n  of v i r u s e s  has 
begun funct ioning .
12. The preparat ion of various antigens,  
a n t i s e r a ,  and animals  necessa ry  for  the  
work of the sec t ion  i s  continuing.
13. One thousand four hundred t h i r t y -  
th ree  mice and 12 hamsters were r a i s e d  in 
the labora tory  t h i s  quart e r .
BACTERIOLOGY BRANCH
Strep tococcus  d iagnos t ic  a n t i s e r a  w i l l  
be made ava i l ab le  through a j o i n t  p r o j e c t
Courtesy of the David J. Sencer CDC Museum
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ENCEPHALITIS CASES NON-ENCEPHALITIS CASES
NO. NO. NO. WEAKLY % NO. NO. NO. WEAKLY %
LOCATION TESTED POS. POS. POS. TESTED POS, POS. POS.
N as h v i l l e ,  Tenn. 32 13 2 47
S h e l b y v i l l e ,  Tenn. 2 1
, j . .  : .
100
Wilmington,  Del . 1 0 0 .0
Lou i s i an a 5 0 0 0
M i s s i s s i p p i 4 1 2 75
C. D. C.
V i rus  Labo ra to ry 5 1 0 20
TOTAL 43 IS 5 34.6% 6 1 16.6%
with  the New York S t a t e  Board of H ea l th  
Labora to ry ,  The se ra  w i l l  be prepared by 
them and d i s t r i b u t e d  on a r e g i n a l  b a s i s ,  
p a r t l y  by them and p a r t l y  by CDC.
RICKET TSI AL SEROLOGY UNIT
T h i s  l a b o r a t o r y  was t r a n s f e r r e d  from 
Montgomery, Alabama to  A t lan ta  and began 
func t io n in g  here a t  the beginning of  the 
q u a r t e r .
P r e p a r a t i o n  of  new and b e t t e r  l o t s  of  
a n t i s e r a  fo r  host  preference serology has 
been p a r t i c a l l y  held up because of d i f f i ­
c u l t y  in s e c u r in g  s a t i s f a c t o r y  r a b b i t s .
Complement f ixat ion te s t s  for  r i c k e t t s i a l  










Te s t ed 142 6,142 142 142
No.
P o s i t i v e 36 3 4 1
P e r ce n t




T e s t e d 7,168 160 160 576
No.
P o s i t i v e 869 1 11 0
P e r ce n t
P o s i t i v e 12.1 0.62 6 .8 0
Weil-Fel ix t e s t s  were run as shown below:
0 * 19
Human No. t e s t e d 141
Sera No, p o s i t i v e 79
% p o s i t i v e 56%
Sera from VD-TB surveys tes ted  for murine 
typhus gave the following r e s u l t s :
No. Te s t e d No. P o s i t i v e % Pos i t i v e
1,566 36 2.2%
In one suspected case of murine typhus 
i s o l a t i n g  of the r i c k e t t s i a  by guinea pig 
i n o c u l a t i o n  of  the  p a t i e n t ' s  blood was 
success  f u l .
MYCOLOGY SECTION
The Mycology Laboratory was t r a n s fe r r e d  
from Duke University to Atlanta in January. 
I t  i s  now permanently located in i t s  own 
quarters a t  Lawson Hospital a f t e r  occupying 
temporary  q u a r t e r s  in the T u b e r c u l o s i s  
Laboratory.
DIAGNOSTIC SERVICES
A t o t a l  of  285 c u l t u r e s  and specimens 
were examined. From these cu l tures  the f o l ­
lowing p a th o g e n i c  fu n g i  were i s o l a t e d  
and id e n t i f i e d :
54 s t r a in s  of Microsporum ancfionni 
9 s t r a in s  of Candida albicans 
1 s t r a in  of Microsporum canis 
1 s t r a in  of Tr icophyton rubourn
RESEARCH
1. I n v e s t ig a t io n  of the e f f e c t  of  T.B. 
concentrat ion techniques on the pathogenic 
fung i  is  now wel l  underway. P r e l i m i n a r y  
r e s u l t s  seem to indicate  that  the majori ty  
cannot  su rv ive  t rea tment  with sodium h y ­
Courtesy of the David J. Sencer CDC Museum
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droxide although many withstand t reatment  
with sulphuric acid and trisodium phosphate.
2. Preparations have begun for the study of 
nu t r i t i ona l  requirements of pathogenic iungi 
in order to devise new' and be t t e r  media.
t r a i n i n g
P l a n s  a r e  be ing made f o r  a t r a i n i n g  
course in medical mycology to  be given in 
the f a l l .  H i s to log ica l  s l ide  m ate r ia l  and 
s l i d e  cu l tu re  mounts of fungi (made perma­
nent by use of polyvinyl alcohol) are being 
prepared for  use in the course.
Dr. Cummings gave several  l ec tu re s  at a 
pos tg radua te  course in t ho ra c ic  d i seases  
sponsored by the American Trudeau Society  
a t  Duke U n i v e r s i t y  School  of  Medicine.
REFERENCE DIAGNOSIS
Thirteen specimens fran Alaska and Massa­
c h u s e t t s  were received  for  organism type 
i d e n t i f i c a t i o n ,  A t o t a l  of 1,168 r o u t ine  
specimens were received from Lawson Veter­
ans H o s p i t a l ,  Veterans  H osp i ta l  No. 48, 
Gerogia S t a t e  Publ ic  Health Laborator ies ,  
•and Battey General Hospital.  There were 999 
s p u t a ,  106 body f l u i d s ,  and 83 g a s t r i c  
washings. They were examined microscopical­
ly, cu l tu ra l ly ,  and by animal inoculat ion.
RESEARCH
1. A study was s t a r t e d  comparing the con­
centrat ion of tubercle b a c i l l i  from sputum by 
xylene f l o t a t i o n ,  chloroform prec ip i t a t ion ,  
Hank’s f loccu la t ion ,  clorox and heat coagu­
l a t ion ,  and sodium hydroxide digest ion.
2. S e v e r a l  p r o j e c t s  promoting b e t t e r
understanding of media are in progress.
a) Studies are continuing to determine the 
nature of an apparent growth-promoting fac­
tor  discovered in potato f lour  s tudied in 
e a r l i e r  evaluation experiments.
b) Studies to determine the e f fec t  of tem­
perature on media s ens i t iv i ty  are underway.
c) The e ffec t  of carmelization of sugar on 
media s e n s i t i v i t y  i s  being determined.
d) The amount of unsaturated f a t t y  acids  
in media prepared a t  d i f l e r e n t  tempera­
tu re s  and t h e i r  e f f e c t  on the growth of  
tubercle b a c i l l i  are being studied.
3. Experiments are being conducted to deter­
mine the best  type of stopper for tubercu­
losi s  culture  media tubes. The amount of a i r  
necessary  in the tube fo r  opt imal  r e s u l t s  
with cul tu r ing  i s  a lso being determined.
4. injection of chosen specimens into mice 
was s ta r ted  in an attempt to adapt the mouse 
to  rout ine diagnost ic  procedures.
5. Addi t iona l  work has been done on the 
relat ive  tox ic i t i es  of di ffe ren t  sputa diges- 
t an t s .  Trypsin,  oxal ic  acid,  hydro-chlor ic  
acid and anti formin were added to the l i s t  
of agents a l ready under inves t iga t ion .
6. Media evaluation is  continuing. The com­
parison of modified Lowenstein’s medium with 
the Trudeau Committee medium was completed. 
Work began comparing P e t r a g n a n i ’s medium 
with modified Lowenstein’s medium.
7. Work was s ta r ted on evaluation of media 
for streptomycin s e n s i t iv i ty  t e s t s .
CONSULTATION
The Temple University Tuberculosis Laboratory 
was given aid in problems of culture diagnosis.
Engineering Division
BUDGET ESTIMATES MADE
Budget e s t i m a t e s  fo r  f i s c a l  year  1950 
were prepared. J u s t i f i c a t i o n s  for  malar ia ,  
mur ine t yphus  f e v e r ,  and f l y  c o n t r o l ;  
plague i n v e s t i g a t i o n s ;  and D i s t r i c t  and 
Engineer ing Div is ion a c t i v i t i e s  were a lso  
prepared. Malaria and typhus f i e l d  a c t i v i ­
t i e s  are scheduled to continue a t  approxi­
mately the f i s c a l  year 1949 level .  By 1950 
i t  i s  expected th a t  plague eva lua t ion ac­
t i v i t i e s  w i l l  be s u f f i c i e n t l y  advanced to 
determine whether  or not  con tro l  measures 
among wild rodent s  should be undertaken .
MALARIA CONTROL ACTIVITIES
Residual spraying operat ions were i n i t i ­
a t e d  i n  e i g h t  s t a t e s  d u r in g  March ( see  
Table I ) .  With the e xc ep t ion  of  Georgia  
and possibly portions of  two or three other 
s t a t e s ,  only one spray app l i cat ion  w i l l  be 
made during the coming season. Therefore ,
rtesy (. the David J. Sencer CDC Museum
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most  s t a t e s  w i l l  complete  the  s p r a y i n g  
program e a r ly  in July.  I t  i s  expected that  
o p e r a t i o n s  fo r  the  1948 season  w i l l  be 
undertaken in  approximately 350 coun t ies .  
Only 90 c o u n t i e s  w i l l  be o p e ra t e d  on a 
. l e s s  than county-wide b a s i s .  Opera t iona l  
maps for  the 1948 season showing areas  of 
proposed o p e ra t io n s  were prepared.
Experience i n  the 1947 season ind ica ted  
t h a t  i t  i s  d i f f i c u l t  to ob tain  the desired 
residue of  200 mg. of  DDT per  square foot 
o f  su r face  sprayed with a 5 percent  emul­
s ion,  Therefore,  i t  was recommended to the 
s t a t e s  tha t  emulsion s t r eng th  be increased 
from 5 to  IVi pe rcen t  during the 1948 sea ­
son. This  recommendation has been adopted 
by a major i ty  of  s t a t e s .
I t  i s  i n t e r e s t i n g  to note  from Table I 
t h a t  1 ,311 ,911 house spray a p p l i c a t i o n s  
were made d u r in g  the 1947 season  a t  an 
average c o s t  of  $2.88. South Carolina had 
the lowest  per  a p p l i c a t i o n  c o s t  ($2 .06) ,  
w h i le  Kentucky had the h i g h e s t  ( $ 6 .1 3 ) .  
T o t a l  house s p ra y  a p p l i c a t i o n s  f o r  the
Table I
SUMMARY OF DDT RESIDUAL SPRAY OPERATIONS 

















A labam a 32 1 5 ,7 0 7 1 3 ,1 8 2 2 0 ,4 3 4 3 ,0 7 0 2 3 ,5 0 4 0 .8 4 1 .5 0 1 .7 8 6 2 ,6 3 8 5 8 ,9 0 3
A r k a n sa s — — — 1 9 ,2 7 8 322 1 9 ,6 0 0 — — — 8 0 ,7 4 2 6 7 ,4 6 5
F lo r id a 12 8 ,2 1 3 5 ,7 4 7 4 ,9 3 2 * 1 0 ,1 9 6 1 5 ,1 2 8 * 0 .7 0 1 .6 4 2 .6 3 4 2 ,8 7 3 4 0 ,0 4 0
G e o r g ia 1 2 51 377 4 ,2 0 0 159 4 ,3 5 9 1 .5 0 1 7 .3 7 1 1 .5 6 9 0 ,0 5 6 7 2 ,0 1 1
K en tu ck y 3 48 78 3 ,0 8 0 2 ,2 6 1 5 ,3 4 1 1 .6 3 1 1 1 .2 7 6 8 .4 7  j 4 ,7 4 5 5 ,3 7 7
L o u i s ia n a 12 3 ,3 1 7 3 ,8 5 9 2 ,1 9 0 5 ,3 7 6 7 , 566 1 .1 6 2 .2 8 1 .9 6 1 0 ,6 5 7 1 1 ,2 2 3
M i s s i s s i p p i 17 1 1 ,7 7 7 1 2 ,6 1 5 1 2 ,2 9 6 1 0 ,5 2 0 2 2 ,8 1 6 1 .0 7 1 .9 4 1 .8 1 6 5 ,7 7 0 4 0 ,1 1 8
M is s o u r i — — - 3 ,2 8 0 — 3 ,2 8 0 — — — 3 9 ,2 2 2 2 2 ,9 4 3
N o r th  C a r o lin a — —  - - 2 ,8 8 0 * - 2 ,8 8 0 * — — “ 1 9 ,4 4 2 1 5 ,8 1 6
O klahom a — — — 1 ,1 2 0 — 1 ,1 2 0 • — — - 1 5 ,8 0 2 1 6 ,4 6 9
S o u th  C a r o l in a — — — 1 2 ,4 8 0 - 1 2 ,4 8 0 — — — 1 0 0 ,8 0 0 8 7 ,0 1 1
T e n n e s s e e 4 537 1 ,2 9 7 7 ,1 6 3 6 ,5 4 5 1 3 ,7 0 8 2 .4 2 2 5 .5 3 1 0 .5 7 4 ,2 6 4 6 ,7 7 6
T e x a s 1 579 4 89 5 ,5 5 0 8 99 6 ,4 4 9 0 .8 4 1 1 .1 4 1 3 .1 9 4 7 ,5 2 3 5 0 ,2 0 3
S u b - T o t a l  
C a n t . U . S . 82 4 0 ,4 2 9 37 , 6 4 4 9 8 ,8 8 3 3 9 ,3 4 8 1 3 8 ,2 3 1 0 .9 3 3 .4 2 3 .6 7
<
5 8 4 ,7 3 4 4 9 4 ,3 5 5
P u e r t o  R ic o  
& V i r g i n  I s . 2 ,4 2 2 1 ,6 9 3 2 ,1 3 9 654 2 ,7 9 3 0 .7 0 1 .1 5 1 .6 5 7 ,8 1 9 5 ,4 0 5
GRAND TOTAL 82 4 2 ,6 5 1 3 9 ,3 3 7 1 0 1 ,0 2 2 4 0 ,0 0 2 L 41 .024 0 ,9 2 3 .2 9 3 .5 9 5 9 2 ,5 5 3 4 9 9 ,7 6 0
* I n c lu d e s  e s t im a t e d  (nan -hou r*
Table II
CUMULATIVE SUMMARY OF LARVICIDING 
January 1 —  December 31, 1947
TYPE
NO. OF 
STATES ga llon s POUNDS
HUNDRED FT. 






DDT Hand S pray 6 2 0 .7 2 8 — 8 4 0 .6 5 8 4 5 .0 4 5 1 7 ,1 5 3 — 1 0 ,1 5 2 3 2 ,1 6 0 3 9 ,5 4 7 3 7 ,6 5 8 4 3 ,5 3 0
DDT Pow er S pray 3 1 3 ,4 1 8 — 2 5 9 ,6 1 0 6 ,4 5 7 5 ,1 3 6 — 3 ,4 5 3 1 ,5 9 5 2 ,1 4 1 5 ,9 1 1 6 ,0 5 2
F u e l  O i l ,  e t c . 7 1 1 9 ,7 2 5 — 2 1 7 ,7 3 5 2 0 ,2 7 9 7 ,9 5 3 - 1 ,3 0 1 3 ,0 8 2 4 ,6 3 7 1 8 ,7 2 4 2 3 ,3 6 1
P a r i s  G reen 5 — 1 92 8 15 217 — 1 ,1 7 9 215 6 12 4 1 0 4 1 9 8 29
A ir p la n e 2 - - - - 1 ,7 0 6 - 6 ,7 3 7 43 28 15 43
S u b -T o ta l  C o n t. U .S . 8 1 5 3 ,8 7 1 1 92 1 ,3 1 8 ,8 1 8 7 1 ,9 9 8 3 1 ,9 4 8 1 ,1 7 9 2 1 ,8 5 8 3 7 ,4 9 2 4 6 ,7 6 3 6 2 ,7 2 7 1 0 9 ,4 9 0
P u e r t o  R ic o :  
DDT Hand S p r a y 2 0 ,2 6 1 1 ,6 2 6 ,6 3 7 5 6 ,8 3 1 5 ,9 5 2 3 ,4 0 7 2 7 ,9 6 9 7 2 ,7 6 6 1 2 ,0 3 4 8 4 ,8 0 0
DDT D u st — — — — — — 7 0 70 176 1 66 8 176
P a r i s  G reen — - 8 ,6 8 3 1 7 ,6 8 1 1 0 ,8 5 9 - 2 ,7 7 7 1 ,2 5 1 6 ,1 3 1 1 6 ,4 1 5 575 1 6 ,9 9 0
GRAND TOTAL - 1 7 4 ,1 3 2 8 ,8 7 5 2 ,9 6 3 ,1 3 6 1 3 9 ,6 8 8 3 7 ,9 0 0 4 ,0 2 6 2 6 ,5 8 6 7 1 ,7 6 8 1 3 6 ,1 1 2 7 5 ,3 4 4 2 1 1 ,4 5 6
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1947 season r e p r e s e n t  an i n ­
c re a s e  of  145 ,446  over  the 
1946 se ason .
State  and local part icipation 
in b o th  m a l a r i a  and typhus 
programs i n c r e a s e d  over  the 
prev ious  q u a r t e r .
CUMULATIVE SUMMARY OF DRAINAGE AND MAINTENANCE 
J a n u a r y  1 — December  31,  1947
Table III
TYPHUS CONTROL
Evaluation a c t i v i t i e s  during 
the quarter  consisted mainly oi 
t a b u l a t i n g  s t a t i s t i c s  of r a t  
typhus, r a t  e c topa ra s i te s  and 
human typhus  by i s o t h e r m a l  
zones of  Southern  s t a t e s .  A 
study of  climatological factors 
in typhus epidemiology was be­
gun in  January and cont inued through the 
q u a r t e r .  New t e c h n i q u e s  i n  m ea su r ing  
r a t s  and of brushing r a t s  to c o l l e c t  e c to ­
p a r a s i t e s  were t e s t e d .  Recommendations 
f o r  a d o p t i o n  of  t h es e  t e c h n i q u e s  were 







y a r d s
m a n -h o u r s
CDC LOCAL TOTAL
Drainage 7 37,758 12,987 5,618 7,081 12,699
Clearing 8 1,838,270 — 13,482 17,491 30,973
Clearing Not classified prior to July 1, 1947
Sub-Tota ! 
Con t. U.S. 8 1,876,028 12,987 19,100 24,572 43,572
Puerto Rico:
816,925 342 10,973 119,070 3 30,043Drainage
Cl earing 685,113 — 17.368 21.774 39^142
GRAND TOTAL 3 ,378,066 13,329 47,441 165,416 212,857
FLY CONTROL BRANCH ACTIVATED
The Fly Cont rol  Branch of  the  Div is ion 
was act ivated  during the quart e r .  Engineer 
(R) Joseph R. Coffey, formerly at tached to 
the Virus Branch of the Epidemiology Division, 
Montgomery, Alabama, was placed in charge.
Entomology Division
ORGANIZATIONAL CHART REVISED
A rev ised  o rgan iz a t iona l  c h a r t  fo r  the 
Entomology Division has been prepared which 
includes six branches as follows: (1) Mala­
r i a  Survey and Evaluation Branch, (2) Ecto­
p a r a s i t e - B o r n e  D isease  Branch,  (3) En­
cephal i t i s  Invest igat ions Branch, (4) Mala­
r i a  I n v e s t ig a t io n s  Branch, (5) Dysentery 
Control Branch, and (6) Fly-Control Disease 
Branch.
WATER-HYACINTH INVESTIGATIONS
The Corps of  Engineers a l loc a te d  monies 
for  inves t iga t ions  r e l a t i v e  to e f f e c t s  of 
w a t e r - h y a c i n t h  e r a d i c a t i o n  on p u b l i c  
heal th .  Funds are ava i l ab le  to the Publ ic  
Heal th Service for  t h i s  s tudy and prepara­
t ion  of  a report  due August 1, 1948. Scien­
t i s t  (R) F. E a r le  Lyman was a ss igned  as 
c o o rd i n a to r  of t h i s  p r o j e c t .  He r e p o r t s  
t h a t  c e r t a i n  h y a c i n t h - i n f e s t e d  ponds at  
Mulberry, F lo r id a ,  have been s e le c te d  as
p r in c ip a l  s i t e s  fo r  i n v e s t i g a t i o n a l  work 
during the coming summer.
ECTOPARASITE-BORNE DISEASE BRANCH
Evaluat ion data for de termining r e s u l t s  
of  DDT d u s t i n g  fo r  con t ro l  of  r a t  e c t o ­
paras i te s  have been summarized for  the l a s t  
q ua r t e r  of  1947. These show tha t  the pe r ­
centage of  ra t s  infected with cheopis f leas  
from dusted premises var i ed  from 5 in De­
cember to  14 in  October  while  r a t s  from 
un t rea ted  premises showed from 34% to 40% 
i n f e s t a t i o n  during the same months. Bats  
in fe s te d  with l i c e  varied during the year 
from a low o f  28% to  a h igh  o f  40% in  
dusted premises. Comparable percentages in 
untrea ted  premises were 41 to 48. Data on 
the e f f e c t  o f  dus t ing  on mites  show th a t  
the seasonal  range in  the pe rcen t  of  r a t s  
in f e s te d  with bacot i  v a r i e d  from 8 to  13 
in  dusted and from 17 to 20 in  u n t r e a te d  
p remises ;  with e c h id n i n u s , from 7 to  12
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percent in dusted and from 13 to 21 percent 
in  un trea ted  premises; and with n u t t a l l i ,  
from 6 to 12 percen t in dusted and from 15 
to  38 percen t in  u n trea ted  premises. Thus 
a degree of con tro l  i s  in d ic a te d  for a l l  
e c to p a ra s i te  species. During 1948 attempts 
w i l l  be made to a d ju s t  d u s t in g  programs 
more c lose ly  to seasonal f lea  cycles in  an 
e f f o r t  to make control even more e ffec tive .
L i t t l e ,  i f  any, p r a c t ic a l  d if fe rence  was 
observed between the pe rc e n ta g e s  o f  r a t s  
p o s i t i v e  fo r  typhus from dusted  and from 
untreated premises. However, only 332 human 
cases of typhus occurred during the quarter 
which was le s s  than h a lf  the number record­
ed during  the equ iva len t q u a r te r  of 1946.
DYSENTERY CONTROL PROJECT —
PHARR, TEXAS.
_ *
Expansion o f  the Dysentery Control P ro j­
ec t  to include study areas a t  Albuquerque, 
New Mexico, and Thom asville , Georgia, i s  
under way. Fly su rve i l lance  to lay  a basis  
for l a t e r  control work has been c a rr ied  on 
in  these a reas  s ince  e a r ly  in  the f a l l  of 
1947. The o rg an iz a t io n a l  s t r u c tu r e  o f  the 
p r o j e c t  rem ains  e s s e n t i a l l y  unchanged;
i . e . ,  i t  i s  a cooperative undertak ing  be­
tween the National I n s t i t u t e  of Health and 
the Communicable Disease Center. Dr. James 
Watt, Surgeon (NIH), i s  Medical O ff ice r  in 
Charge, and S. A. S c ie n t i s t  Dale R. Lindsay 
(CDC) i s  in  charge of the V ector Control 
program. By the end o f  the fourth  quarter, 
the p r o je c t  w ill  have four s tudy areas as 
follows:
1. Pharr, Hidalgo County, Texas.
2* Albuquerque, New Mexico, and v ic in ity ,
3. Thomasville, Thomas and adjacent coun­
t i e s  in  South Georgia.
4. New Orleans, Louisiana (a research in­
v e s t i g a t i o n  of d ia r rh e a  o f  the  new­
born in  cooperation with the Louisiana 
S ta te  U n iv e rs i ty  Medical School and 
Charity H osp ita l),
A c t i v i t i e s  in  the Albuquerque a rea  i n ­
clude con tro l  s tu d ie s  in  the  c i t y  proper, 
s ix  sm aller  towns, and e ig h t  Tndian pueb­
los. Comparisons of control methods and fly 
index  l e v e l s  as e v a lu a te d  by ep idem io­
lo g ic a l  measurements w i l l  c o n s t i t u t e  the 
bulk o f  the work. O pera tiona l  a c t i v i t i e s
are planned for only the one curren t season, 
and resources therefore are being concentrat­
ed on t h i s  p ro je c t  in  an e f f o r t  to  insure  
success. Headquarters in Albuquerque are in 
the  Indian  A f fa i r s  B u ild ing , S t a te  F a i r ­
grounds. Dr. Mary Walton, Surgeon (CDC) is  
Medical O f f ic e r  in  Charge. Third  q u a r te r  
a c t iv i t i e s  have included the es tab l ish in g  of 
adm inistra tive, operational, and laboratory 
fac ili t ies  in order that  the season’s work may 
be in f u l l  swing early  in the fourth qu a r te r .
Fly su rv e i l lan ce  s tu d ie s  w i l l  continue 
throughout th is  season in  various towns in 
the Thomasville, Georgia, area and epidem­
i o lo g i c a l  s tu d ie s  w i l l  beg in  d u r in g  the 
fo u r th  q u a r t e r .  A d d i t io n a l  com parable  
towns, probably  in  C o lq u i t t  and M itche ll  
Counties in  Georgia, w i l l  be s e le c te d  for 
s tudy  during  the fo u r th  q u a r t e r .  The ob­
j e c t iv e  of th is  work is  to secure entomol­
ogical and epidemiological data over a fu ll  
season p r io r  to i n s t i t u t i o n  of con tro l  for 
subsequent comparative purposes. Research in 
f ly  evaluating methods consis t ing  of p a ra l ­
l e l  measurements by d i f f e r e n t  methods is  
planned in th i s  area which is  p a r t ic u la r ly  
w e l l  s u i t e d  fo r  such r e s e a r c h  in  t h a t  
methods found s u i t a b le  w i l l  be app licab le  
in general to  the Sou theastern  s t a t e s .
A c t iv i t ie s  in the Hidalgo County, Texas, 
a rea  were somewhat re ta rd e d  by unusua lly  
prolonged cold du ring  the t h i r d  q u a r te r .  
Since th is  p ro jec t  i s  the paren t organiza­
t ion , i t s  f a c i l i t i e s  have been used exten­
s iv e ly  in s e t t i n g  up the work in  the new 
study areas. I t  w il l  continue to  serve as a 
source of personnel, a t ra in in g  center, and 
as a c learing  house for adm inistra tive func­
t io n s .  Dr. Richard P. Dow, S. A, S c ie n t i s t ,  
repor ted  to the Pharr p ro je c t  on March 4, 
1948, and assumed functions of the P ro jec t  
Entomologist. In add it ion  to  s u p e r v i s in g  
routine work, Dr. Dow w il l  begin in tensive  
s tud ies  of the biology and con tro l  of eye- 
gnats (Hippele tes species) in th a t  lo c a l i ty .
MALARIA FIELD INVESTIGATIONS,
MANNING, SOUTH CAROLINA
P ro g re s s  was made d u r in g  the  q u a r t e r  
toward b r in g in g  s e v e r a l  y e a r s  o f  human 
blood survey records up to d a te .  This has 
included the t r a n s f e r r i n g  of p a ra s i te m ia
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data for 1944-46 to IBM cards. The back-log 
o f unexamined 1947 s l id e s  i s  being reduced 
rap id ly  by the S ta te  Board of Health Labo­
ratory. Current examinations are to be made 
o f  smears s u b m it te d  to  the  L a b o ra to ry  
D ivision, CDC, th is  season so tha t  up-to- 
da te  in fo rm a tio n  on c u r r e n t  m a la r ia  i n ­
cidence w il l  be av a i lab le .  This i s  essen­
t i a l  for present s tud ies .
Examinations of s l i d e s  so f a r  repor ted  
fo r  January  have shown a 0.17% p o s i t i v e  
r a te  for malaria. Reports on human p a ra s i ­
temia r a te s  for 1947 which became a v a i l ­
able th i s  qua rte r  include: October, 0.4%; 
Novem ber, 0.9%; and D ecem ber, 0.2%.
Anopheles quadrimaculatus  adults were ob­
served a c t iv e ly  feeding du ring  a week of 
warm weather following February 15. Eggs 
la id  by these over-wintering females prob­
ab ly  accounted fo r  th re e  males and four 
females co llected  on March 26. A large pop­
u l a t i o n  o f  f i r s t  s tage  la rv a e ,  p robably  
quads, was found on March 23. In 1947 very few 
quadrimac ula tus  appeared before mid-April.
More than 15,000 winter larvae of A. cru ­
c ians  were co l le c te d  for experimental pur­
poses beginning in  mid-January. While there 
was a v a r ia t io n  of about two weeks in  the 
pupation date for most of the larvae  c o l ­
lec ted  from the ind iv idual ponds or areas 
of la rg e  ponds, the da ta  show t h a t  mass 
emergence of c r u c ia n s  from the breed ing  
areas  began in  mid-February and was con­
cluded by the middle of March; v i r t u a l l y  
no larvae smaller than the th ird  stage were 
found during the f i r s t  h a l f  of March: and 
p rac t ic a l ly  no fourth stage crucians  larvae 
or pupae were present in any pond during the 
la t te r  ha lf  of March; but f i r s t  stage and many
second stage crucians  were abundant and widely 
d i s t r i b u t e d  during  th i s  pe r io d . From the  
fo regoing  i t  was concluded th a t  cru c ia n s  
adults probably cb not hibernate in this area.
Adult female A. punc t i p e n n i s  were more 
common t h i s  w in te r  than  d u r in g  the  two 
p r i o r  w in te r s .  Larvae and a d u l t s  may be 
c o l le c te d  without d i f f i c u l t y ,  although in 
small numbers, every month of the  year. 
This was reported  in 1947 and may now be 
regarded as confirmed.
More than 400 cru c ia n s , as well as a few 
quads and p u n c t ip e n n i s , were d is se c te d  in 
March, The sporozo ite  r a t e  of crucians  in 
March was zero.
Some progress was made on t r i a l s  attempt­
ing in fe c t io n  of cruc ians  with b i rd  mala­
r i a .  I n f e c t io n s  of Plasmodium r e l i c tu m ,  
elongatum,  and c ircu m flexu m  from various 
common sparrows were inocula ted  in to  cana­
r ie s ,  When gametocytes appeared in numbers 
in  the p e r ip h e ra l  blood, rea red  cru c ia n s  
were fed in d iv id u a l ly  upon the c a n a r ie s .  
The mosquitoes were then held for two weeks 
a t  70°—80° F. a f te r  which d issec tions  were 
made. No infected  specimens were found in  a 
to ta l  of more than 230 examined. During the 
coming season i t  is  planned to extend t r i a l s  
to  two or three o ther b ird  malaria species 
commonly found la s t  year. Comparative experi­
ments are now being made with Aedes aegypti .  
The negative  r e s u l t s  with c ruc ians  agree 
with those of l a s t  year when sp o ro z o i te s  
from wild crucians  likewise fa iled  to  in fec t  
can ar ie s .  Both kinds of evidence, showing 
doubt on the theory of avian provenience 
fo r  sporozo ites  from c r u c ia n s , emphasizes 
the  need fo r  f u r t h e r  su rv ey s  o f  animal 





STUDIES ON EXPOSURES OF INDIVIDUAL MOS­
QUITOES TO DDT RESIDUES. The minimum time 
of exposure to  EOT re s id u e s  necessary  to
render adult mosquitoes incapable of normal 
a c t iv i ty  has been inves t iga ted .  During 20- 
minute s tudy  pe r io d s  of in d iv id u a l  mos­
qu itoes  in g lass  tu b e s , an average of 11 
minutes was spent in con tac t  with t re a te d  
su rfa c e s .
I n i t i a l  o b s e r v a t i o n s  over  2 0 -m in u te
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periods have given the following p ic tu re :  
on the i n i t i a l  con tac t  the mosquito holds 
a l l  fee t  on the t re a te d  surface; a f te r  one 
to  four minutes there  i s  evidence of some 
i r r i t a t i o n  as the i n s e c t  s t a r t s  to walk 
over the surface or breaks contact e n t i r e ­
ly ; in  from two to  three minutes the insect 
commences to  probe the s u rfa c e s  and con­
tinues th is  a c t iv i ty  over the en tire  period 
of observation; f i r s t  tremors are observa­
b le  in  from two to  ten  m inu tes  w ith  an 
a v e ra g e  of 4 .5  m inu tes  a f t e r  c o n ta c t ;  
p a r t i a l  p a r a ly s i s  of h ind legs  i s  noted 
s ix  to  15 minutes a f t e r  c o n ta c t .  None of 
th e  m osquitoes t e s t e d  as y e t  have been 
dead a t  the end of 48 hours a f te r  exposure. 
And most of the a d u lts  were s t i l l  able to 
f ly  a t  the end of th is  time.
STANDARD PANEL TESTS WITH MOSQUITOES.
Standard  panel t e s t s  w ith  d e p o s i t s  of a 
75-percent-EDT water-wettable powder formu­
la te d  as a 5-percent-DDT suspension  and 
app lied  a t  the r a te  of 200 mg. per square 
f o o t  have c o n tin u e d  to  g iv e  e x c e l l e n t  
r e s u l t s .  R esu lts  from 60-minute exposures 
with residues of varying ages: 30 weeks — 
96 p e r c e n t ;  33 weeks — 99 p e r c e n t ;  36 
weeks — 98 percent; 39 weeks — 97 percent; 
and 42 weeks — 96 p e rc e n t .  On s u r f a c e s  
which were protected  from outside weather­
ing conditions deposits  from water-wettable 
powders have shown r e te n t io n  of res idua l  
t o x i c i t y  much lo n g e r  th a n  DDT-xylene 
r e s i d u e s .
INVESTIGATIONAL WORK ON
BLOW FLIES AND ADULT HOUSE F L IE S
RELATIONSHIP BETWEEN EXPOSURE TIME AND 
MORTALITY. Three-day-old a d u l t  Cal l i t r o g a  
mace I l a r i a  have been shown to  be the most 
r e s i s t a n t  specimens fo r  com parative i n ­
s e c t i c i d a l  in v e s t ig a t io n s .  R e su l ts  i n d i ­
c a t e  t h a t  m a le  a d u l t s  a r e  more s u s ­
c e p t ib le  than females and th a t  30 and 60 
m inute  exposure  p e r io d s  a re  a p p l i c a b l e  
fo r  s h o r t  and lo n g -ra n g e  e v a lu a t io n  of 
in sec t ic ides  by standard panel t e s t s .  These 
exposure  p e r io d s  a re  lo n g e r  than  those  
used for house fly  s tudies (15—30 minutes) 
i n d i c a t i n g  g r e a t e r  r e s i s t a n c e  o f  C. 
mace I l a r i a  to  DDT.
RESIDUAL EFFECTIVENESS OF WATER-BASE 
PAINT CONTAINING DDT. Samples of a water - 
base p a in t  con ta in ing  5 pe rcen t  DDT have 
been evaluated for r e s id u a l  e ffec tiv en ess  
against house f l i e s .  One coat of paint was 
app lied  by brush to  g la s s  panels  and a l ­
lowed to  dry thoroughly . R es idual e f f e c ­
tiveness of the paint was compared to  that  
of a DDT kerosene  s o l u t i o n  p i p e t t e d  on 
g la s s  p la te s  to  give s im i l a r  amounts of 
DDT per  square  foo t  ( a p p ro x im a te ly  200 
mg.). Tests with 15 and 30 minute exposure 
periods were made 1, 6, and 12 weeks a f te r  
app lica t ion  of coa tings . Not only was the 
res idua l effec tiveness  of EOT in the co a t­
ing tes ted  at in te rv a ls  a f t e r  app lica t ion , 
but a lso  to determine r e s u l t s  of repeated 
exposures of a given a rea .  D if fe re n t  num­
b e rs  of exposures  were made on s p e c i f i c  
portions of t e s t  pane ls .
In g e n e ra l ,  where the  number of t e s t s  
made on a s ing le  s e c t io n  of the p la te  was 
a maximum, pa in t  panels gave evidence of 
rap id  removal of p a in t  by f l i e s .  At the  
12-week t e s t  period the DDT-kerosene r e s i ­
due was somewhat superio r  to the pa in t ,  as 
shown by the 30-minute s tu d ie s . Where te s ts  
on each s e c t io n  of the  p l a t e s  were a t  a 
minimum, a decreased e f f i c i e n c y  of water-  
base p a in t  was i n d i c a t e d  only  a f t e r  12 
weeks and a t the s h o r te r  exposure period 
of 15 minutes.
COMPARISON OF RESIDUAL TOXICITY OF VARI­
OUS CHEMICALS. Sets of standard panels were 
p repared  with a g r i c u l t u r a l  and r e f in e d  
g rades  of ch lo rdane  u s in g  k e ro sene  and 
xylene as solvents in each case. Results of 
30-m inute  exposures  of a d u l t  female M. 
domestica to  deposits  of 200 mg. chlordane 
per sq u a re  fo o t  of the  above fo rm ulas  
showed: formulation w ith  kerosene as the 
s o lv e n t  to  be s l i g h t l y  s u p e r i o r  to  the  
xylene formulation with the re f in ed  grade 
of ch lo rdane; very  l i t t l e  d i f f e r e n c e  in  
th e  r e s i d u a l  t o x i c i t y  betw een th e  two 
grades of ch lo rdane .
CONTROL METHODS AND EVALUATION BRANCH
HOOKWORM CONTROL INVESTIGATIONS
LABORATORY TESTS. Dosage r a t e s  of 1,000
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and 2,000 pounds of calcium or sodium cyan - 
amide per acre have been compared in labo­
r a to r y  t e s t s .  The c u l tu re  was t r e a te d  by 
s p r in k l in g  la rv ic id e  on the  s o i l  su rface  
im m edia te ly  a f t e r  i n f e s t a t i o n  w ith  ten  
grams of in fec ted  feces .  A f te r  treatm ent, 
the cu ltu re  was covered with a g lass  p late  
and s e t  a s ide  for 21 days . O ther t e s t s ,  
in tended  to  show com parative  e f f e c t s  of 
d i f f e r e n t  a p p lic a t io n  techniques , were of 
th re e  types :  the  r e l a t i v e  a c t io n  of the 
la rv ic id e  when raked in to  the su rface  of 
the s o i l  was te s te d  by working the chemi­
c a l  i n to  the upper one inch  of the  s o i l  
with a spatu la  in  a s e r ie s  of covered c u l ­
tu re s ;  the la rv ic id e  was l e f t  on the s o i l  
surface but the cover was l e f t  o ff  the cu l­
tu res  to  reduce possib le  fumigating action 
of the larvicide and to  simulate f ie ld  con­
d i t io n s  more c lo se ly ;  to  t e s t  the la s t in g  
or r e s id u a l  a c tio n  of the l a r v i c id e ,  the 
chemical was applied to  the surface of the 
s o i l  and the d ish  s e t  a s id e  f o r  28 days 
before the in fe s te d  feces were added.
Application a t  the r a te  of 2,000 pounds 
per acre of Ca CN2> whether g ra n u la r ,p u l ­
v e r i z e d ,  or m ic ro p u lv e r iz e d ,  i s  c l e a r l y  
more e f f e c t iv e  than s im i la r  a p p lic a t io n s  
a t  the ra te  of 1,000 pounds per acre . This 
i s  p a r t ic u la r ly  true  when comparisons are 
made of c u l tu r e s  where i n f e s t a t i o n s  are 
delayed. Similar r e su l ts  were obtained with 
Na2CN2 only in t e s t s  of the  l a t t e r  type. 
R e su l ts  suggest t h a t  f i e l d  a p p l ic a t io n s  
should consist  of app lica t ions  of not less 
than 2,000 pounds per acre where a residual 
ac tion  i s  needed.
Cultures in which the treatment was raked 
or mixed in to  the upper leve l  of s o i l  pro­
duced e sse n t ia l ly  the same re s u l ts  as those 
in which the larv icide  was sprinkled on the 
s o i l  su rface .
Recoveries of hookworm larvae from c u l ­
tu re s  s e t  up w ithout covers  were g re a te r  
than from covered c u l tu re s  in  t e s t s  where 
pulverized or g ranular  CaC^ was applied 
at the ra te  of 1,000 pounds per acre. When 
treatment was doubled, recoveries  obtained 
from uncovered c u l t u r e s  were as low as 
those from covered c u l tu re s  and raked-in  
t rea tm en ts .  T ests  run so f a r  with micro-
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pulverized CaCT  ̂ and ^ 2̂ 2 showed a ra the r  
d i f f e re n t  p ic tu re .  Recoveries from uncover­
ed cultures with 1,000 and 2,000 pounds per 
acre treatments were e s s e n t ia l ly  the same. 
Treatments of uncovered cu ltu res  with these 
s u b s ta n c e s  may be s l i g h t l y  s u p e r i o r  to  
s im ila r  treatm ents of covered c u l tu r e s .
ANOPHELINE LARVICIDE INVESTIGATIONS
EFFECTS ON WILDLIFE OF ROUTINE A P P L I­
CATIONS OF DDT LARVICIDES APPLIED BY AIR­
PLANE. Intensive s tu d ie s  in 1946 and 1947 
were c a r r ie d  out to  determ ine e f f e c t s  of 
DDT sprays and a e ro s o ls ,  app lied  by a i r ­
p la n e ,  on both a q u a t i c  and t e r r e s t r i a l  
organisms. Work was c a r r ie d  on in coopera­
t io n  with the U. S. F ish  and W ild life  S e r ­
v ice .  More than fourteen  hundred acres in 
the  Savannah R iver  M igra to ry  Water Fowl 
Refuge were under study. Check areas con­
s is te d  of 850 acres; 600 acres were t r e a t ­
ed. A l l  trea tm ents  were made a t  the d i s ­
charge r a te  of 0.1 pound of DDT per acre . 
Applications were made a t  weekly in te rv a ls  
beg inn ing  about the  m iddle of A p r i l  and 
ending in  September. CDT la rv ic id e s  showed 
no appreciable  e f f e c t s  on t e r r e s t r i a l  i n ­
s e c t s ,  bottom, or su rface  organisms.
RODENT AND ECTOPARASITE CONTROL BRANCH
INSECTICIDE AND ACARICIDE 
INVESTIGATIONS
LABORATORY STUDIES. Over 100 chemical 
compounds have been t e s t e d  in  an e f f o r t  
to  f ind a s u i t a b le  a c a r ic id e  fo r  c o n tro l  
of r a t  m ites . Four types of s tanda rd ized  
t e s t s  are used: deep and f in e  dus t  t e s t s  
are used for m ateria ls  submitted as d u s ts ;  
t e s t  tube and sp ra y  t e s t s  a re  used fo r  
l iq u id  m ate ria ls .  T h ir teen  m a te r ia ls  gave 
c o n s is te n t  e f f e c t i v e  k i l l s  of 90 percen t 
or more. Dusts c o n ta in in g  pyrethrum  and 
p ip e ro n y l  bu toxide  w ith  and w ith o u t  EOT 
are  being f i e l d  t e s t e d .
RODENTICIDE STUDIES
RAT POPULATION STUDIES. F u r th e r  t e s t s  
were made fo r  d e te rm in in g  th e  va lue  o f  
the  “ E l to n  Feed ing  S t a t i o n "  method fo r  
determination of r a t  popu lations . In t e s t s  
ca rr ied  out in a r t i f i c a l l y  stocked b u ild -
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i n g s , a sm alle r  and s im p le r  feed ing  box 
and a c ig a r  box were used. Rats  fed more 
re a d i ly  from these than from the more com­
p l ic a te d  box used p rev ious ly .
Yellow corn meal has proven to  be the 
b e s t  food t r i e d  t o  d a te  in  a c c e p ta n c e  
t e s t s .  There i s  however, a g r e a t  f l u c t u ­
a t io n  in  the amount of meal consumed from 
day to  day. Rats appear to  have a p r e f e r ­
ence fo r  new foods. When o th e r  foods a re  
a v a i la b le ,  consumption of corn meal drops 
o f f  for a time.
FOOD PREFERENCE STUDIES. Several m ateri­
a l s  have been mixed w ith  yellow corn meal 
in an e f fo r t  to  increase i t s  accep tab il i ty .  
Yellow corn meal proved more accep tab le  
when mixed with f i s h  o i l  a lone  than when 
mixed with f i s h  meal. Quaker Yellow Corn 
Meal, which is  a c o a rse r  g r in d ,  was more 
acceptable to  r a t s  than the regular grind.
RATPROOFING STUDIES
ALUMINUM ALLOYS. A l l  aluminum samples 
repo rted  upon have been p en e tra ted .  Some, 
however, have been r e s i s t a n t  to  gnawing 
and have been penetrated  only a f te r  a con­
s id e r a b le  time.
VECTOR-TRANSMISSION 
INVESTIGATIONS BRANCH
TRANSMISSION OF ENDEMIC TYPHUS
TEST RESULTS. In i n v e s t ig a t io n s  on a r ­
thropod t r a n s m is s io n ,  seven experim ents  
w i th  682 m ites and 52 t e s t  animals have 
produced no successful r e s u l t s .  Six experi­
ments with 321 f le a s  and 41 t e s t  animals 
have produced 14 p o s i t iv e  r e s u l t s .  I t  is  
n o t  d i f f i c u l t  to  ge t  t r a n s m is s io n  w ith  
f le a s .  These data  are  not p resented , how­
e v e r ,  as an in d ic a t io n  of abso lu te  e f f i ­
ciency of f leas  as vec to rs .  Results  merely 
show th a t  the  techn ique  s u c c e s s f u l  w ith  
f l e a s  has thus f a r  brought only f a i l u r e  
with m ites .
No f in a l  conclusions are j u s t i f i e d  from 
any of the  work so  f a r .  However, i t  i s  
s t r o n g ly  im plied  t h a t  Liponyssus baco t i  
does not transm it endemic typhus. E xper i­
mental r e s u l t s  are in  v io la t i o n  of th e o ­
r e t i c a l  ex p e c ta t io n s .  I t  would seem more
reasonable  i f  mites did t r a n s m it  typhus. 
Other research workers have sa id  tha t  they 
do. Further ,  they t ran sm it  o ther  r i c k e t t ­
s i a l  d ise a s e s .  Work i s  s t i l l  in  progress 
to  t e s t  the a b i l i t y  of m ites to  t ra n sm it  
typhus under a wider range of circumstances 
than those yet s tud ied .
ECOLOGY STUDIES
Ecology s tu d ie s  were made to  determine 
what meterologic conditions e x is t  in rodent 
burrows and the r e l a t i o n  of these  cond i­
t i o n s  to  f l u c t u a t i o n s  in  e c t o p a r a s i t e  
p o p u la t io n s .
From available information, the following 
observa tions  were made:
1. Burrows located  in  the open and un ­
p ro te c te d  areas  e x h ib i te d  lower daytime 
temperatures during the w in ter  than those 
in  protected  loca t ions .
2. Tem perature  changes in  burrows of 
both types  lagged behind the  tem perature 
f lu c tu a t io n  of the e x te r n a l  environment. 
In the  e a r ly  morning, tem p e ra tu re s  were 
noticeably  higher than those e x is t in g  ou t­
s ide .  In the afternoon, a f t e r  the external 
tem pera tu res  had r i s e n ,  the  tem pera tu re  
within the burrow was severa l  degrees lower.
3. R e la tiv e  humidity was always h igher  
in  the burrows than on the o u ts id e .  With 
few e x cep tions ,  va lues  above 90 pe rcen t  
r e l a t i v e  humidity e x is t e d .
4. Reduction of the r e l a t i v e  hum idity  
outside the burrows resu l ted  in lower r e l a ­
t iv e  hum idity  in  the  a c c e s s ib l e  p a r t  of 
the burrows.
ECTOPARASITE STUDIES
During the rep o r t  pe riod , 34 wild r a t s  
were trapped at a stockyard and in undusted 
barrack-type build ings. These animals were 
b led  f o r  typhus complement f i x a t i o n  and 
combed to determine what ec toparasites  each 
c a r r ie d .  These a rth ropods were separa ted  
according to  species, ground in sa line ,  and 
i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  normal 
w hite  r a t s .  The purpose was to  determine 
which p a r a s i t e s  are  in v o lv ed  in  typhus 
transmission. Results were checked by com- 
p lem en t-f ixa tion  t e s t s .
Of 34 animals trapped, only three showed 
a p o s i t iv e  com plem en t-f ixa t ion  t e s t  for
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typhus. Canbings of r a t s  produced the f o l ­
lowing ec toparas i te s :  Echinolae laps echid- 
rtinus, Polyplax spinulosa, Xenopsylla cheo- 
p i s ,  and Laelaps n u t t a l i .  E. echidninus  
and P. spinulosa were the two species found 
in g r e a te s t  abundance.
In traperitaneal  in jec tion  of ground e c to ­
parasites  produced no ind ica tion  of endemic 
typhus in any animal. None of the r a t s  with 
p o s i t i v e  complement f i x a t i o n  had enough 
e c to p a r a s i t e s  to  w a rre n t  i n j e c t i o n  in to  
o ther  r a t s .
Veterinary Division
Cou
The d iv is ion  continued i t s  a c t i v i t i e s  in 
rab ies  in v e s t ig a t io n s  a t  Montgomery, A la­
bama; b r u c e l lo s i s  in  Indiana, Arizona and 
Utah; Salmonella d i s e a s e s  in  Michigan; 
h is to p la s m o s is  in  Kansas; and a gene ra l  
program in  Colorado.
Q FEVER IN CALIFORNIA
In response  to  an u rgen t re q u e s t  from 
S ta te  V e te r in a r ian  Dr. A. E. Carr, a v i s i t  
was made to  C a l i f o r n ia  to  determ ine the 
extent of Q fever and what assis tance  could 
be rendered to  the  s t a t e  in developing a 
program. The r e s u l t  o f  t h i s  survey is  a 
co o p e ra t iv e  s tudy  a t  Hamilton, Montana. 
Dr. H erbert  S to e n n er  of th e  V e te r in a r y  
Division i s  assigned to  th is  p ro jec t.  He is  
attem pting to  determine the ex ten t of the 
d i s e a s e  in  the  udders o f  c a t t l e .  O the r  
investiga tions  are being carried  on; namely, 
complement f i x a t i o n  and a g g l u t i n a t i o n  
t i t e r s  of animal serum.
DATA ON PSIT T A C O SIS  COLLECTED
Late in the second quarter, the responsi­
b i l i t y  of c o l le c t in g  data on the incidence 
of p s i t t a c o s is  was placed on th is  d iv ision . 
A rrangem ents  were made w i th  a l l  f i e l d  
personnel to  take surveys of th e i r  respec­
t iv e  s t a t e s .  A ll surveys have been com­
pleted . Results have been forwarded to  the 
S tates Relations Division, Washington, D. C. 
The survey ind ica ted  there was much objec­
t io n  to  the i n t e r s t a t e  quaran tine  r eg u la ­
t ions  which p ro h ib i t  the i n t e r s t a t e  s h ip ­
ment of p s i t t a c in e  b irds . In many areas of 
the country , new a v ia r ie s  were developed 
w i th in  s t a t e s ,  e s p e c i a l l y  in  n o r th e r n  
s ta t e s ,  th a t  have not been able to  compete 
p re v io u s ly  w ith  w este rn  s t a t e s  in  b i r d
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production. In some s t a t e s  t h a t  have f o r ­
merly been exporting  a reas ,  the  number of 
bird  av ia r ie s  has diminished. No new in fo r ­
mation was obtained about any epizootics of 
p s i t t a c o s i s  in  b i rd s ,  nor were any a d d i­
t i o n a l  human cases  r ev e a le d .  A s tudy  i s  
being c a r r ie d  on a t  the S t .  Louis Medical 
Scho'ol which may give in fo rm a tion  about 
human case s .  This school i s  conducting  a 
survey of 5,000 serums which were obtained 
from atyp ica l  pneumonia p a t i e n t s  in  the  
S t .  Louis area  during  the w in ter  o f  1947 
and  1948. T h is  i n f o r m a t io n  s h o u ld  be 
a v a i l a b l e  by th e  f a l l  o f  1948.
MUSTARD GAS RABIES VACCINE 
STUDIES COMPLETED
The r a b i e s  l a b o r a t o r y  com ple ted  i t s  
s tu d ie s  with mustard gas ra b ie s  vaccine. 
P re l im in a ry  r e p o r t s  i n d i c a t e  t h a t  t h i s  
vaccine is  not as e f fe c t iv e  as the present 
phenol t re a te d  vaccine. Studies were a lso  
c a r r i e d  on w ith  v a r io u s  types of r a b ie s  
c h a lle n g in g  agen ts  in  white  mice. Other 
s tu d i e s  a re  b e in g  co n tin u e d  in  pseudo­
rab ie s  (Aujeszky’s d ise a se )  in  mice. Dr. 
Ernest S. Tierkel i s  the f i r s t  inves tiga to r  
to  rep o r t  adoption of Aujeszky’s v iru s  to  
experimental mice.
RABIES IN MEMPHIS, TENNESSEE
Late in  the  q u a r te r ,  an u rgen t req u e s t  
was received from the Tennessee Department 
of Health for assis tance  in  an outbreak of 
ra b ie s  in  Memphis. Dr. T ie rk e l  spen t two 
weeks in  Memphis organizing an immunizing 
program for vaccinating 23,000 animals dur­
ing tha t  period. I t  i s  too ea rly  to  d e te r ­
mine what i t s  e f f e c t  has been. Following 
the p u b l ic i ty  of th is  campaign, many o ther
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s ta te s  and c i t i e s  have requested the services 
of Dr. Tierkel. He has also appeared cm numerous 
programs, and has been requested to  write a r t i ­
c les  for farm, livestock, and pet magazines. 
BRUCELLOSIS STUDIES MADE 
IN  ARIZONA
B ru c e l lo s is  s tu d ie s  in  Arizona revealed 
th a t  about 5 percent of the population were 
reac to rs  and th a t  7/4 percent of the animals 
were infected . The re s u l t  of th is  survey was 
a demand for the enactment of le g is la t io n  to 
control the disease. Proposed laws would r e ­
qu ire  the t e s t in g  of a l l  animals producing 
milk for raw consumption. Animals tha t  were 
found to  be in fec ted  were to be quarantined 
u n t i l  they were sent to  slaughter. At f i r s t ,  
th is  request aroused considerable antagonism. 
But a f t e r  public  i n te r e s t  was aroused, a l l  
opposit ion  disappeared.
SERUM STUDIES IN UTAH COMPLETED
A study of 25,000 human serum samples was 
completed in  Utah. Epidemiological in v e s t i ­
gations were delayed because of Dr. Stoenner s 
work with Q fever. But they are expected to 
be completed t h i s  summer.
RURAL SURVEY OF BRUCELLOSIS  
COMPLETED IN INDIANA
In c e n t r a l  Ind iana ,  the U. S. Bureau of 
Animal Industry assigned two veterinarians and 
th e i r  mobile laboratory to  a ru ra l  survey of 
brucellosis  in  cen tra l  Indiana. These reports 
have ju s t  been completed. Data w ill  be av a i l ­
ab le  fo r  the annual r e p o r t .  These surveys 
can only be c a rr ied  on from la te  f a l l  u n t i l  
early spring when blood serum can be collected 
from farm people.
MONIES ASSIGNED FOR W ISCONSIN  
BRUCELLA INVESTIGATION PROJECT
In Wisconsin, the  C h i ld re n 's  Bureau a s ­
s igned  monies to  the  Brucel la  i n v e s t i g a ­
t i o n s  p r o j e c t .  I t  has been d i f f i c u l t  to  
obtain a man for the position who i s  trained 
in epidemiological methods.
DOG INVESTIGATION PROJECT 
COMPLETED IN MICHIGAN
At the  Salmonel la  p r o je c t  in  Michigan, 
the  dog in v e s t ig a t io n  work was completed. 
D ata  is  now b e in g  an a ly zed  and w i l l  be
ava ilab le  for the next repo r t .  Preliminary 
information in d ica ted  about 20 percent of 
th e  dogs c o u ld  become c a r r i e r s  o f  the  
d ise a s e  w ith  no c l i n i c a l  symptoms. Some 
experiments were carr ied  on with very young 
puppies . The m o r t a l i t y  was no d i f f e r e n t  
than with adult  animals. But when secondary 
co n d it io n s  were p re se n t ,  the  d ise a se  was 
very f a t a l  in  puppies. Dr. Wolff i n v e s t i ­
gated a number of food poisoning epidemics 
which are now under study.
HISTOPLASMOSIS INVESTIGATIONS  
MADE IN KANSAS
Histoplasmosis in v e s t ig a t io n s  were made 
in  various p a r ts  of Kansas. The incidence 
of animal reac to rs  c lose ly  co rre la ted  with 
human reac to rs . In Eastern Kansas, no human 
reactors  were found.Irf East Central Kansas, 
around Topeka, about 5 percent of the  c a t ­
t l e  t e s t e d  were r e a c to r s .  This i s  on the 
b o rd er  of the  a re a  where t h e r e  i s  con­
s id e r a b le  human in f e c t io n .  An a d d i t io n a l  
case of histoplasmosis in a dog was reported 
by the v e te r in a r y  c l i n i c  a t  Kansas S ta te  
College, Manhattan, Kansas. Some dog experi­
m ental work was a l s o  in a u g u ra te d .  P r e ­
liminary r e s u l t s  ind ica ted  th a t  dogs could 
be infected  very read ily , p ro v id e d  a s iz e ­
able challenging dose is  used.
COLORADO INAUGURATES FIRST  
REPORTING SYSTEM OF ANIMAL 
DISEASES BY VETERINARIANS
The Colorado general program inaugurated 
t h e  f i r s t  r e p o r t i n g  sy s te m  o f  a n im a l  
d i s e a s e s  by v e t e r i n a r i a n s  to  th e  s t a t e  
hea lth  a u th o r i t i e s .  Since th is  p ro jec t  has 
been announced, many o ther  in q u i r ie s  have 
come in from other s ta t e s  asking about i t s  
opera tion . Georgia has a lso  inaugurated  a 
s im ila r  re p o r t in g  system.
In Colorado, Dr. Baum has seen two rabies 
outbreaks du ring  the  p a s t  q u a r t e r .  These 
were com batted  from th e  s t a t e  l e v e l  by 
having the s t a t e  provide f re e  vaccine and 
having local ve te r inarians  contr ibu te  th e i r  
time. Dr. Baum a s s i s te d  in  a considerab le  
number of c l i n i c s .  In some a re a s ,  he has 
immunized dogs where there are no v e te r in a ­
r ia n s .  Dr. Baum a lso  in v e s t ig a te d  a major 
food epidemic in  which 200 people became
ourtesy of the David J. Sencer CDC Museum
53
i l l .  Meat loaf  from which paracolon organ­
isms were i s o la te d  caused th e  ep idem ic. 
These organism s are  now under s tu d y  by 
Dr. Edwards a t  the Salmonella t e s t in g  cen­
t e r .  Dr. Baum has been appo in ted  by the  
governor to  r e p o r t  on the  pub lic  h e a l th  
a s p e c t s  of b r u c e l l o s i s  in  C o lo rad o  and 
make recommendations to  him. He has a lso  
re p o r te d  the occurrence of l i s t e r e l l o s i s  
i n  c a t t l e  and sh e ep  in  N o r th  C e n t r a l  
Colorado. This disease causes e n cep h a li t is  
in  an im als  and has been rep o r ted  as the  
cause of d isease  in  man. I t  i s  a b a c te r i a  
and can be r e a d i ly  grown on blood agar .  
Dr. Baum d e l iv e re d  a number o f  l e c t u r e s  
t o  a g r i c u l t u r a l  and v e t e r i n a r y  g roups
in Colorado and neighboring s t a t e s  during  
the t h i r d  quarte r .
THREE STATES INAUGURATE 
VETERINARY PROGRAMS
T hree  a d d i t i o n a l  s t a t e s  i n a u g u r a te d  
v e te r in a ry  pu b lic  h e a l th  programs du r ing  
th e  p a s t  q u a r t e r .  Ohio, I l l i n o i s ,  and 
F lo rida  employed f u l l - t im e  pub lic  h e a l th  
v e te r in a r ia n s .  Assistance was requested by 
these s ta t e s  in developing th e i r  programs. 
During the quarter, seven additional s ta te s  
asked for the .ass ignm en t of personnel to  
develop v e te r in a ry  programs. These were: 
Texas, N ebraska, W isconsin , Iowa,,W est 
V irg in ia , Maryland, and South Carolina.
Training Division
TRAINING STARTED IN 
HOUSING EVALUATION METHODS
P rac t ica l  f ie ld  t ra in ing  in  housing eva l­
u a t io n  methods began in  J a n u a ry .  A l lan  
Twichell, Consultant on Housing, spent sev­
e ra l  days during  February a s s i s t i n g  with 
housing t r a i n in g  in  coopera tion  w ith  the 
Atlanta City Health Department. As Technical 
S e c re ta r y  of the  American P u b lic  H ealth  
Association Conriittee on the Hygiene of Hous­
ing , T w iche ll  approved housing t r a i n in g  
methods developed by S.A. Engineer Ross Buck,
NEW YORK STATE-RENSSELAER COUNTY 
TRAINING CENTER BEGUN
The New York S t a t e - R e n s s e l a e r  County 
P ub lic  H ea lth  T ra in in g  Center s t a r t e d  on 
January 5, 1948, under d i re c t io n  of Train­
ing  O f f ic e r  Joseph F. O’B rien .  A twelve 
weeks t ra in ing  program for san ita ry  inspec­
t o r s  was the  f i r s t  c o u rse  o f f e r e d .  Ten 
t ra in e e s  from u p -s ta te  New York attended. 
Cooperation received from D i s t r i c t  O ffice  
No. 1, from the New York S ta te  Health  De­
p a r tm en t ,  and from the T ro y -B e n ss e la e r  
County Health  Department was outstanding .
TRAINING OPERATIONS STARTED 
AT CINCINNATI
During March, the f i r s t  t r a in in g  program 
a t  the Water and S a n i ta t io n  Inves t iga t ions
S ta t io n  a t  C in c in n a t i ,  Ohio was organized 
and conducted. S. A. Engineer (R) Donald J .  
Schliessmann, T ra in in g  O f f ic e r ,  repo r ted  
a su c c e s s fu l  course  in  s tream  p o l lu t io n  
c o n tro l  in  which s a n i t a r y  eng inee rs  from 
18 s ta t e s  p a r t ic ip a te d .
LOAN OF TRAINING OFFICERS TO STATES 
I S  SOUND POLICY
I t  became evident during the quarte r  th a t  
the policy of cooperation with s ta te  t r a in ­
in g  s t a t i o n s ,  th rough  loan  of t r a i n i n g  
o f f ic e r s  to s ta te s  was a sound one. T rain­
ing O f f ic e rs  Ralph Barnes and Clyde Fehn 
a s s i s te d  Louisiana with t r a in in g  programs 
for in se c t  and rodent c o n tro l .
PLANS INITIATED FOR 
TRAINING EVALUATION
Miss Mary Garretson was placed in charge 
of evaluation of f ie ld  t ra in in g  a c t iv i t i e s .  
Forms were developed in  co o p e ra t io n  w ith  
the severa l f i e ld  t r a in in g  s ta t io n s .  These 
w i l l  be used to  fo llow  up each  t r a i n e e  
through s t a t e  h e a l th  departm en ts .  I t  i s  
hoped t h a t  the worth o f  p r a c t i c a l  f i e l d  
t ra in in g  as a supplement to  academic Study 
w i l l  be demonstrated.
INSECT AND RODENT CONTROL BRANCH
The four weeks t r a i n in g  course  in  Rat-
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Borne Disease P reven tion  and Contro l for 
the period February 15 — March 12 was a t ­
tended by twenty-one men. F ourteen  were 
from the  U nited  S t a te s ;  seven were from 
China. The group included rep re se n ta t iv e s  
from s t a t e  and lo c a l  h e a l th  departm ents, 
the  p e s t  c o n t r o l  i n d u s t r y ,  the  Chinese  
Quarantine Serv ice  and the Chinese Plague 
P revention  Bureau.
A specia l one week course in  in sec t  con­
t r o l  was given March 22 — 26 for the seven 
t r a i n e e s  from China. Two t r a i n e e s  from 
D e tro i t  a lso  took th is  course. I t  c o n s is t ­
ed of f i e l d  work on IXIT re s id u a l  spraying; 
m ist la rv ic id in g ;  i d e n t i f i c a t i o n  and con­
t ro l  of f l i e s ,  mosquitoes, bed bugs, l ice , 
r o a c h e s ,  s a n d f l i e s ,  t i c k s ,  and m ite s .
F i f te e n  men from h e a l th  departments of 
f ive  foreign countries received t ra in in g  in  
t h e  I n s e c t  and R oden t  C o n t r o l  B ranch  
during  the cruarter.
DECENTRALIZED TRAINING PROGRAMS
Two d e c e n t r a l i z e d  t r a i n i n g  courses  in  
in se c t  and rodent con tro l  were held during 
the quarter  in Norfolk, V irg in ia  and in New 
Orleans, Louisiana. Courses were given in  
c oope ra tion  with r e s p e c t iv e  s t a t e  h e a l th  
departm ents  and PHS D i s t r i c t s  No. 2 and 
No. 4. R epresen ta tives  o f  the  New Orleans 
C i ty  H ealth  Department a ls o  a ided  in  a r ­
r a n g in g  and c o n d u c t in g  t h i s  t r a i n i n g .
ACTIVITIES OF FIELD TRAINING STATIONS
FIRST COURSE COMPLETED AT THE WATER AND 
SANITATION INVESTIGATIONS STATION, CIN­
C IN N A T I, OHIO. A t h r e e  w e e k s  t r a i n i n g  
c o u r s e  f o r  s t a t e  s a n i t a r y  e n g i n e e r s ,  o r
Production
PRODUCTIONS RELEASED:
1. 4 -0 5 6 .0  D ia g n o s i s  of T u b e rc u lo s is  w i th  an Im­
proved  C u l tu r e  Medium
2. 4 -0 6 3 .0  S ch is to som es ,  A d u lts  in  the  Veins
3. 4 - p 6 4 .0 C e r c a r i a e  o f  Sch i s to soma mansoni
4- 4 -0 6 5 .0  The s e t t i n g  o f  Endemic S c h i s to s o m ia s i s  
in  P u e r to  R ico
5. 4 -06 8 .0  P a th o lo g y  o f  S ch is to som a  mansoni
6 . 4 -0 6 9 .0  M a la r ia  C o n tro l  in  th e  K entucky  r e s ­
e r v o i r  (Composite o f  4 c h a p te r s )
other  persons charged with o v e r-a l l  organ­
iz a t io n  and operation of s t a t e  stream po l­
lu tion  abatement programs, was carr ied  out. 
F if teen  fu ll- t im e  tra inees  took the course. 
Four o ther  tra inees  attended c la s se s  fo r  a 
period of one week.
P lans  were completed fo r  the two weeks 
course  fo r  b a c t e r i o l o g i s t s  in  charge o f  
milk analyses or food u te n s i l  examinations 
in  s ta te  health  departments. A re g is t r a t io n  
o f  15 persons was accepted f o r  the  A pril 
course. The number of app lications  received 
for the course warrants the rescheduling of 
i t  in  the next f i s c a l  year.  The milk and 
food work w i l l  be supplemented by a week 
on water bacterio logy.
SAVANNAH FIELD TRAINING STATION,
SAVANNAH, GEORGIA
A three months program of f i e ld  t ra in in g  
for three health  educators was s ta r te d .  Ar­
rangements were concluded fo r  a c c e p t in g  
graduate public  h e a l th  education  s tuden ts  
from the Schools of P u b l ic  H ealth  of the 
U n iv e rs i ty  o f  North C a ro l in a ,  Minnesota, 
and Yale in  June, July, and August.
TOPEKA FIELD TRAINING CENTER,
TOPEKA, KANSAS
In February a two weeks course combining 
f ie ld  t r ip s  and seminars was conducted for 
se lec ted  members of the Kansas S ta te  Board 
of Health and the Milk Control Division of 
the  Kansas S t a t e  Board o f  A g r i c u l t u r e .  
E ig h t  i n d i v i d u a l s  p a r t i c i p a t e d  in  th e  
course.
In  March, the th re e  months course  fo r  
san ita r ians  was s ta r ted .
Division
7. 5 -022 .0  H o s p i t a l  Commission R ep o r t
8 . 5 -03 0 .0  L i f e  C ycle  of M ala r ia  P a r a s i t e
9. 5 -03 5 .0  The Lung
10. 5 -0 4 0 .0  F a lc iparum  M a la r ia
11. 5 -043 .0  Vivax M ala r ia
12. 5 -0 73 .0  Hookworm D ise a se  and Hookworm I n f e c ­
t i o n
13. 5 -08 5 .0  C lo s in g  In
14- 5 -09 0 .0  Spread and P re v e n t io n  o f  T r i c h i n o s i s
15. 5 -09 5 .0  Worms in  Your Muscles
16. 5 -10 1 .0  F i e l d  T r a in in g  S t a t i o n s
Courtesy of the David J. Sencer CDC Museum
55
17. 5 -1 0 5 .0  L a b o ra to ry  D iag n o s is  o f  Rabies
18. 5 -1 06 .0  The L iv e r
19- 6 -0 0 1 .0  R ab ies  E x h ib i t
20. 7 -0 0 2 ,0  Mycobacterium T u b e rc u lo s i s  on Spe­
c i f i c  C u l tu re  Media
21. 9 -0 0 6 .0  Mycobacterium T u b e rc u lo s is  on Spe­
c i f i c  C u l tu r e  Media
22. 9 -10 5 .0  L ab o ra to ry  D ia g n o s is  o f  R ab ies
23. 10-004 .0  Cancer S e r ie s -T e c h n iq u e s  o f  Cancer
N u rs ing  ( S e r i e s  A—March 5, 1948)
24. 10-004.1  Cancer S e r ie s -T e c h n iq u e s  of Cancer
N urs in g  (S e r ie s  A—A p r i l  5, 1948)
25. 10 -004 ,2  Cancer S e r ie s -T e c h n iq u e s  o f  Cancer
N urs ing  ( S e r ie s  A—June 5, 1948)
26. 10-005.0  Cancer S e r i e s  — The V i s i t i n g  Nurse
and Cancer (S e r ie s  B -A pril  5, 1948)
27. 10-009.0 Cancer S e r ie s -T e c h n iq u e s  o f  Cancer
N u rs in g  ( S e r ie s  C—A p r i l  10, 1948)









2 - 0 0 1 .
2 - 0 0 2 .
2-003





0 F ilm  O rg a n iz a t io n  
0 E n tom olog ica l  C h a r t—Mosquito L a r ­
vae o f  U. S.
0 O r g a n i z a t i o n a l  C h a r t  ( S t a c k t y p e )  
o f  th e  P r o d u c t i o n  B ranch ,
0 D i s t r i b u t i o n  C h a r t s  f o r  U t i l i z a ­
t i o n  Branch •
0 “F l e a ”  Pho tographs  Ordered  by E d i ­
t o r i a l  Branch 
0 “ C olonnades” Pho tographs  Ordered by 
E d i t o r i a l  Branch 
0 Pho tograph  f o r  CDC B u l l e t i n  ( J u ly -  
A u g u s t-  Sep tem ber)
0 S e v e n  C o n ta c t  P r i n t s  O rd e re d  by 
E d i t o r i a l  Branch 
0 A p p e a ra n c e  o f  D i f f e r e n t  Types of 
T u b e rc le  B a c i l l i  on D i f f e r e n t  C u l­
t u r e  Media 
9 -0 02 .0  Film O rg a n iz a t io n  
10-001.0  A p p e a ran ce  o f  D i f f e r e n t  Types o f  
T u b e rc le  B a c i l l i  on D i f f e r e n t  C u l­
tu r e  Media
12. 10 -0 0 2 .0  A ppearance  o f  P a th o g e n ic  Fungi on 
C u l t u r e  Media 
1 0 -003 .0  Film O rg a n iz a t io n
10-008 .0  f i f t y -  s i x  L a n te rn  S l i d e s  o f  F i e l d  





PROGRAM ACTIVITIES OF THE PROJECT 
DEVELOPMENT BRANCH
Three conferences were held with p ro jec t  
supervisors during January on check-control 
p o in ts  o f  s c r i p t  development. A working 
manual o f  p r o g re s s iv e  c h e c k -p o in ts  was 
prepared and i s  now in use. Subsequent con­
f e r e n c e s  on p ro d u c t io n  and u t i l i z a t i o n  
check-points  have been planned.
Following a s e r ie s  of March conferences 
w ith  Floyde E. Brooker, U. S. O ff ice  of 
Education, there  was begun a re-examination 
o f  c r i t e r i a  used  f o r  f i lm  i n i t i a t i o n ,  
production flow patterns , successful u t i l i ­
za tion , e tc .  A p ro je c t  su p e rv iso r ’s check 
l i s t ,  r e s u l t in g  from these conferences, is  
in  process of being developed.
A black and white experimental c a te g o r y  
f i lm  s t r i p  on diagrams con ta ined  in  the 
Hospital Commission Report i s  in production. 
This s t r i p  is  being prepared in conjunction 
with the Conference of P rofessors  of P re ­
ven tive  Medicine. The experim ental film^ 
s t r i p  is  designed to  supply s l id e  m ate ria l  
to  teachers o f  preventive medicine. I t  i s  
be ing  used as a t e s t  p r o je c t  fo r  fu tu re  
hand ling  o f  s im i la r  m a t e r i a l .
S e v e ra l  experim en ta l  s tudy  f ilm s were 
completed. They were designed for advanced 
students of pa ras i to logy  and produced as a 
by-product of the b iology u n i t ,  " Manson's 
Blood F luke . ” Manuals to  accompany th ese  
films are being prepared. This c o n s t i tu te s  
an e x p e r im e n t  in  u t i l i z a t i o n  o f  w aste  
footage and an experiment in  small audience 
u t i l i z a t io n .
I n i t i a t i o n  of the s e r ie s  on anatomy and 
p a th o lo g y  f i lm  s t r i p s  was begun. These 
film s t r ip s  are being made in p a irs .  One is  
made on the normal anatomy of an organ and 
the other on the pathology of a corcmunicable 
d ise a se  in v o lv in g  t h a t  organ. Both f ilm  
s t r ip s  w i l l  be released simultaneously.
The experim ent on f i lm  s h o r t s  i s  con­
t in u in g ,  and c e r t a i n  b io lo g ic a l  su b je c ts  
are in  p roduction .
A s e r ie s  of film shorts  on epidemiology, 
being made p a r t i c u l a r l y  for p ro fesso rs  of 
preventive medicine and public h ea lth ,  has 
begun.
C o l l a b o r a t io n  w ith  th e  T. B. C o n tro l  
D ivision and with the Laboratory D iv ision  
was completed on "Diagnosis of Tuberculosis 
w i th  an Improved C u l tu r e  Medium.” The 
production was re leased  during March.
PROGRAM A C T IV IT IE S  OF THE 
PRODUCTION BRANCH
A Technical  Se rv ices  S ec t io n  was a c t i ­
vated in  order to  coordinate a l l  e f fo r ts  in 
processing of motion p icture  films and film
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s t r i p s .  By p r o c e s s in g  l o c a l l y ,  p roduc­
t i o n  s c h e d u le s  w i l l  be a c c e l e r a t e d  on 
a l l  r e l e a s e s .  A g r e a t  d e a l  o f  M otion 
P i c t u r e  and S t i l l  L a b o ra to ry  equipment 
was secu red  d u r in g  the q u a r t e r .  Eventu­
a l l y ,  a f t e r  i n s t a l l a t i o n  of o ther  equ ip ­
m en t ,  t h e  P r o d u c t i o n  Branch  w i l l  be 
i n d e p e n d e n t l y  f r e e  from  a l l  o u t s i d e  
c o n t r a c tu a l  s e rv ic e s .
PROGRAM A C T I V I T I E S  OF THE 
U T IL IZ A T IO N  BRANCH
D is tr ibu tion  of 858 films was accomplished 
d u r in g  th e  q u a r t e r  as compared w ith  340 
films d is t r ib u ted  during  the second quarter. 
D i s t r ib u t io n  r a t e s  w i l l  probably continue 
to  climb as more medical and other au thor­
ized  agenc ies  l e a r n  of the  a v a i l a b i l i t y  
of f i lm s  and as th e  number o f  r e l e a s e s  
i n c r e a s e s .
In accordance with an agreement between 
members of the In terdepartm ental Committee 
to  exchange p r in t s  between agencies con­
cerned, one p r in t  of each of our films was 
placed on deposit  with the Army, N a v y ,  Air 
Forces, and Veterans Administration. These 
f i lm s  a re  for re fe rence  purposes and not 
fo r  d i s t r i b u t i o n .
PRODUCTION PROGRAM FOR THE VENEREAL 
D IS E A S E  D I V I S I O N
Work on a s e r i e s  o f  f i lm  s t r i p s  and 
motion p ictures on s y p h i l i s  and other vene­
re a l  d iseases  was begun and is  progressing 
s a t i s f a c t o r i l y .  The film s a re  being made 
for showing to  medical s tu d e n ts ,  p r iv a te  
p h y s ic ia n s ,  and venerea l  d ise a se  c o n tro l  
personne 1.
Motion p ic tu re  and s t i l l  photography of 
venereal d isease  cases , in both black and 
w hite and in  c o lo r ,  i s  c o n tin u in g  a t  the 
Public  Health Service  Medical Center, Hot 
Springs, Arkansas. G rea te r  emphasis i s  on 
coverage of s t i l l  p i c t u r e s .  This photog­
raphy i s  being done by a P u b l ic  H e a l th  
Serv ice  cameraman tem porarily  assigned to 
Hot Springs.
A g r e a t  d e a l  o f  p i c t u r e  m a t e r i a l  on 
venereal disease cases, both motion p icture  
and s t i l l ,  was shipped to  the CDC Produc­
t io n  D iv is ion  for e d i t in g ,  indexing, and 
f i l i n g .  Summarized c a se  h i s t o r i e s  o f
pa tien ts  photographed were a lso  sent.
Teaching films for physicians and medical 
s t u d e n t s  a re  b e in g  d e s ig n e d  t o  c o v e r  
d iagnosis  and treatm ent in  various stages 
o f s y p h i l i s  and o ther  venereal d i se a s e s .  
P r i o r i t y  i s  g iv e n  to  f i l m  s t r i p s  on 
s yp h i  1 i  s .
N o n - te c h n ic a l  f i lm  s t r i p s  and motion 
p ic tu re s  for showing to  venerea l  d isease  
c o n tro l  personnel a re  planned. They w il l  
cover such sub jec ts  as con tac t  in v e s t ig a ­
t io n  p rac t ic e d  by county h e a l th  personnel 
in  various counties  of the South and w il l  
show r e s u l t s  obtained.
A C T IV IT IE S  OF THE INTERDEPARTMENTAL 
COMMITTEE
The Chief of the Division attended meet­
ings of the Interdepartmental Committee on 
M edica l  T r a in i n g  F ilm s i n  J a n u a ry  and 
March. C u r re n t  p ro d u c t io n  o f  f i lm s  and 
F isca l  Year 1949 schedules were c leared .
The Interdepartmental Committee continued 
to  cooperate with the Audio-Visual Commit­
tee  of the AAMC in  promoting o rgan iza t ion  
of the Medical Film I n s t i t u t e .  A D irec to r  
for the I n s t i tu te  was se lec ted .  A ctivation 
o f  th e  p rogram  a w a i t s  t h e  r a i s i n g  o f  
s u f f i c i e n t  fu n d s .
A d i s t r i b u t i o n  p o l ic y  was agreed upon. 
A ir  Forces, Army, Navy, and VA w i l l  send 
one p r i n t  o f  each new re le a s e  to  CDC fo r  
the permanent f i l e s .  CDC w i l l  forward for 
re ten tio n  one p r in t  of each new re lease  to 
the Washington o ff ices  of the four agencies 
mentioned above. Each Washington o f f i c e  
w i l l  c i r c u l a t e  a p r i n t  o f  each  o f  i t s  
new r e l e a s e s  t o  t h e  o t h e r  W ash in g to n  
o f f i c e s  c o n c e rn e d ;  th e n  r e t a i n  i t  ip  
the  o r ig in a t in g  o f f i c e  where o th e r  agen­
c i e s  can r e a d i l y  o b t a i n  i t  f o r  f u t u r e  
loan needs.
FOURTH INTERNATIONAL CONGRESSES ON 
TRO PIC A L MEDICINE AND MALARIA
The Chief, P roduction D iv is ion , served 
in Washington during February as a member 
of the E x h ib i t  Conference, Fourth I n t e r ­
n a t io n a l  Congresses on T rop ica l  Medicine 
and M ala r ia .  He a l s o  served  on the  f ilm  
s e le c t io n  board for films to  be shown a t  
t h i s  conference .
Courtesy of the David J. Sencer CDC Museum
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E D I T O R I A L  B R A N C H
An o r ie n ta t io n  manual for new employees 
and newly conmissioned o f f ic e rs  of the se r ­
vice issued during the quarter  has met with 
wide acceptance among component a c t i v i t i e s .  
P u b l is h e d  under th e  t i t l e  “ . . . f o r  the  
Nation’s Health", the manual is  an attempt 
to cover a u th o r i ta t iv e ly  and in te re s t in g ly  
the many aspects o f  th is  problem for those 
d e s i r i n g  a r e c a p i t u l a t i o n .  From Denver, 
Colorado, New York C i ty ,  and o th e r  s t a t e  
agencies statements have been received that 
the manual is  being found generally  compre­
hensive fo r  i t s  intended purposes.
The repo rt  of a c t i v i t i e s  o f  the Communi­
cable Disease Center during the f is c a l  year 
1946-1947 is  now in the hands of the p r in te r  
and w ill  be issued in  the near future.
T heodo re  G. T h r e s s ,  fo rm e r ly  of th e  
V eterans A d m in is t ra t io n ,  rep la ce d  S. A.
, S a n i ta r ia n  (Ft) Melvin H. Goodwin, J r .  , as 
Chief o f  the L ibrary  and Reports D ivision 
on March 1. Goodwin was appointed Chief of 
the M alaria  In v e s t ig a t io n s  Branch of the 
Entomology D iv is ion .
LIBRARY BRANCH
L i b r a r i a n s  began work on a c a ta lo g u e  
for the l ib r a ry  of the  Technical Develop­
ment D iv is io n  in  Savannah. At the end of 
the quarte r  1,558 cards were completed.
A survey has been completed of dup lica te  
volumes rec e iv e d  from various sources as 
g i f t s .  A l i s t  of  th is  duplicate m aterial has 
been sent to  the Medical Library Association 
with the view of exchanging volumes.
During the quarte r ,  355 books were c a ta ­
loged and 2,862 cards were typed and filed . 
The fo llow ing  i s  a s e le c te d  l i s t  o f  new 
books in  the  l i b r a r y :
A m erican  Can Company, “ The Canned Food R e f e r ­
ence M anu a l , ’’ 3 rd  e d i t i o n ,  1947.
American Society of Mechanical E n g in e e r s , “R ules  f o r  
C o n s t r u c t io n  of U n f i re d  P re s s u re  V e s s e l s 1947. 
Bam ford , F ra n k ,  “ P o i s o n s ,  T h e i r  I s o l a t i o n  and 
I d e n t i f i c a t i o n , ’’ 1947.
B e s te rm a n ,  T h e o d o re ,  “ A World B i b l i o g r a p h y  o f  
B ib l io g r a p h i e s ,  ”  Vol. 1, 2nd e d . , 1947.
B r a d y ,  G e o rg e  S t u a r t ,  “ M a t e r i a l s  H a n d b o o k , "  
6 t h  e d . , 1947.
B ru m p t ,  E m i le ,  “ T ra v a u x  P r a t i q u e s  o f  P a r a s i ­
t o l o g i e ,  ”  4 t h  e d . , 1946.
E n g e ln ,  O s c a r  D i e d r i c h  von ,  “ G eo m o rp h o lo g y ;  
S y s tem a t ic  and R e g i o n a l , ”  1948.
F le s c h ,  Rudolf  F r a n z A r t  o f  P l a i n  T a l k , ”  1946.
F ra d k in ,  W il l iam  Zev, “ The D ia g n o s i s  and T r e a t ­
ment o f  D ia r r h e a l  D i s e a s e s , ” 1947.
G r e a t  B r i t i a n  M i n i s t r y  o f  H e a l t h  — “ N a t i o n a l  
H e a l th  S e r v i c e , ”  1944.
G ruber,  C h a r le s  Merl M ichael,  “ Handbook of T r e a t ­
ment and M edical F o rm u la ry ,”  1948-
K e l lo g ,  C h a r le s  Edwin, “ S o i l s  T h a t  S u p p o r t  U s , ”  
1947.
K r a e t z e r ,  A r th e r  Furman, “ P ro c e d u re  in  Examina­
t i o n  o f  th e  Lungs w i th  S p e c i a l  R e f e r e n c e  to  
the  D iag n o s is  of T u b e r c u l o s i s , ”  3 rd  ed. , 1947.
L i l l i e ,  R alph D o u g a l l ,  “ H i s t o p a t h o l o g i c a l  Tech­
n iq u e ,  ”  1948.
MacKee, George M i l l e r ,  “ Sk in  D is e a s e s  in  C h i l d ­
re n ,  ”  2nd e d . , 1946.
May, C h a r le s  Henry , "M anual o f  D i s e a s e s  o f  t h e  
Eye, ”  1 9 th  e d . , 1947.
M y co pa tho io g ia , (P e r io d ic a l -C u r  r e n t ,  S u b sc r ip  t i o n )
N a t i o n a l  A s s o c i a t i o n  f o r  t h e  P r e v e n t i o n  o f  
T u b e rc u lo s is ,  T u b e rc u lo s is  Index and A b s t r a c t s  
o f  C u r r e n t  L i t e r a t u r e .  ( P e r i o d i c a l  — C u r r e n t  
S u b s c r i p t i o n )
Neuner, John Jo s e p h  W il l iam ,  “ O f f i c e  Management 
and P r a c t i c e s ,  ”  2nd e d . , 1947.
Osuna, A n ib a l ,  “ La d i f t e r i a  en C a ra c a s  d u r a n t e  
e l  q u inq uen io ,  "  1341 a 1945.
Oudemans, A nthonie  C o r n e l i a ,  " K r i t i s c h  H i s t o r i s c h  
O v e rz ic h td e r  A c a ro lo g ie ,  ”  8 volumes, 1926-37.
P o l o n o v s k i ,  M ic h e l ,  “ B io c h im ie  M e d i c a l e , ”  3 rd  
e d . ,  1947.
R a f f e r t y ,  Theodore  N ew ell ,  “ A r t i f i c i a l  Pneumo­
th o ra x  in  Pulmonary T u b e r c u l o s i s , ”  1947.
R i c h t e r ,  V i c t o r  vo n ,  " O r g a n i c  C h e m i s t r y , ’1 4 
volumes, 1934-47-
R i g l e r ,  Leo G eorge , “ The C h e s t  — A Handbook o f  
Roentgen D i a g n o s i s , ”  1946.
R o b in so n ,  H a r ry  M a x i m i l i a n ,  “ P r a c t i c a l  D erma­
to lo g y  and S y p h i l i s , ”  1947.
R o ss ,  H e r b e r t  H o ld s w o r t h ,  “ The M o s q u i to e s  o f  
I l l i n o i s ,  (D ip te ra  C u l i c i d a e ) , ”  1947.
S a n c h is -O lm o s , V in c e n te ,  “ S k e l e t a l  T u b e r c u l o ­
s i s , ”  1948.
S m i l l i e ,  Wilson George, “ P u b l i c  H e a l th  A dm in is­
t r a t i o n  in  th e  U n ited  S t a t e s ,  ”  3 rd  ed. , 1947.
S to n e ,  Moses J a c o b ,  “D ia g n o s i s  and T rea tm en t  o f  
Pulmonary T u b e r c u l o s i s , ”  1946.
S w in g le ,  D eane B r e t ,  “ G e n e r a l  B a c t e r i o l o g y , ' *  
2nd e d . ,  1947.
“ Thomas R e g is te r  o f  American M a n u fa c tu re r s ,” 1948.
T u berc le  ( P e r i o d i c a l  — C u r r e n t  S u b s c r i p t i o n )
T u rn e r ,  C l a i r  Edsmere, “ School H ea l th  and H e a l th  
E d u c a t i o n ,”  1947.
U. S. O f f i c e  o f  S c i e n t i f i c  R e se a rch  and D eve lop­
ment. Committee on M edical R esea rch ,  “ Advances 
in  M i l i t a r y  Medicine, ”  1948-
U. S. B ureau  o f  th e  C ensus ,  “County  D ata  Book ”
. 1947’
War R ep o r ts  o f  G enera l  M a rsh a l l ,  G enera l  A rno ld ,  
Admiral K in g , ’’ 1947.
W e c h s le r , I s r a e l  S p au e r ,  "T e x tb o o k  o f  Chem ical 
N eurology, ”  6th  e d . , 1947.
Z o B e l l ,  C laude Ephraim , “ M ar ine  M i c r o b i o l o g y , ” 
1946.
Courtesy of the David J. Sencer CDC Museum
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I D E A
E X C H A N G E
A S Y N T H E T I C  R E S I N  E M B E D D I N G  T E C H N I C
by
ENTOMOLOGIST RICHARD H. FOOTE 
CDC L a b o r a t o r y  D i v i s i o n
A lthough b io log ica l  specimens have been embedded in sy n th e t ic  r e s in s  for sev­
e ra l  years, many ea rly  preparations had the 
disadvantage of removing color from s p e c i­
mens. They a lso  requ ired  a long and com­
p l i c a t e d  c u r in g  p ro ce ss .  In  some cases ,  
c lo u d in g  made i t  d i f f i c u l t  to  see  the  
specimen a f t e r  the r e s i n  cured .
R ecen tly ,  commercial houses have p e r ­
f e c t e d  s e v e r a l  new s y n t h e t i c  compounds 
w hich  a re  r e l a t i v e l y  ea sy  to  u s e ,  do 
n o t  remove c o lo r s  from spec im en s ,  and 
do n o t  produce  much sh r in k a g e .  The new 
media have been found to  be u s e f u l  in  
p r e s e r v in g  such a r th ro p o d s  a s  i n s e c t s ,  
s p id e r s ,  s c o rp io n s ,  c e n t ip e d e s ,  m i l l i ­
pedes, t i c k s ,  and o th e r  specimens f r e ­
q u e n t ly  used  in  te a c h in g  m ed ical  e n t o ­
m ology . P l a n t  s p e c im e n s  may a l s o  be 
preserved for display purposes. _
L u n a s n iA l  O Q O  J 3 3 U 9 S  "
1. A f t e r  specim en i s  c o l l e c t e d  in  the  f i e l d  and p r e s e rv e d  
in 70 to  95 p e r c e n t  a l c o h o l ,  i t  i s  n e c e s s a ry  to  make open­
in g s  in  t h e  body c a v i t y .  T h i s  i s  done w i t h  a n e e d l e  or 
i n s e c t  p in  in  o r d e r  to  o b t a i n  t h o r o u g h  p e n e t r a t i o n  o f  
f l u i d s  in v o lv e d  and to  a l lo w  com ple te  im p re g n a t io n  o f  the  
specimen by th e  s y n t h e t i c  r e s i n ,  The h o le s  th u s  made a r e  
n o t  v i s i b l e  in  th e  f i n i s h e d  b lo ck .
A f t e r  p r i c k i n g ,  spec im en  i s  p l a c e d  f i r s t  in  a b s o l u t e  
a l c o h o l ,  th e n  in  a n h y d r o u s  e t h e r .  Each  o f  t h e s e  s t e p s  
r e q u i r e s  from one hour ( f o r  sm all  a r t h r o p o d s )  to  24 h ou rs  
( f o r  l a r g e r  fo rm s) and a r e  n e c e s s a r y  to  remove a l l  t r a c e s  
o f  w a te r  from th e  specim en, s i n c e  m o i s tu r e  w i l l  c au se  th e  
b lo ck  to  become c loudy .  Immersion in  p l a s t i c  fo l lo w s .
3. Specimen i s  t r a n s f e r r e d  to  u n c a ta ly z e d  p l a s t i c  d i r e c t l y  
from a n h y d ro u s  e t h e r ,  and p l a c e d  i n  a d e s i c c a t o r  u n d e r  
r e d u ced  p r e s s u r e  o f  500 to  700 mm. T h is  e v a p o r a t e s  a l l  o f  
the  e t h e r  in  the  specimen, and a id s  in  p l a s t i c  im p regn a t io n .  
The d e s i c c a t i o n  must be accom plished s low ly .  I t  i s  completed 
when a l l  t h e  s m a l l  b u b b l e s  hav e  s t o p p e d  r i s i n g  t o  t h e  
s u r f a c e .
4.  To th e  amount of p l a s t i c  r e q u i r e d  to  f i l l  mold, add one 
to  f i v e  d rops  of c a t a l y s t  and s t i r  th o rou gh ly .  A f te r  a l l  of 
t h e  b u b b l e s  have  r i s e n  t o  th e  s u r f a c e ,  th e  b a se  l a y e r  
(S t e p  5) i s  poured  and th e  rem a in in g  c a t a l y z e d  p l a s t i c  i s  
s t o r e d  in  a r e f r i g e r a t o r  to  i n h i b i t  p o l y m e r i z a t i o n  u n t i l  
th e  b ase  l a y e r  has “ s e t ”  a t  room t e m p e ra tu re .
5 . The b a s e  l a y e r  i s  p o u re d  i n t o  th e  mold t o  t h e  d e p th  
i n d i c a t e d  b e lo w  by th e  to p  d a rk  l i n e  in  th e  p i c t u r e  and 
a llow ed  to  “ s e t ” a t  room te m p e ra tu re .  The p l a s t i c  c o n t a i n ­
i n g  th e  specimen i s  th e n  c a t a ly z e d  in  the  manner shown in  
S tep  4. Specimen i s  l i g h t l y  grasped w ith  fo rcep s  and g e n t ly  
moved w i th  a c i r c u l a r  m otion  u n t i l  specimen i s  su r ro u n d ed  
by o a t a l y i e d  p l a s t i c ,  then  specimen i s  o r i e n te d  in  th e  mold 
and enough  c a t a l y z e d  p l a s t i c  i s  p o u re d  in  to  c o m p l e t e l y  
c o v e r  i t .
6 . The mold i s  s e t  a s i d e  u n t i l  a l l  th e  p l a s t i c  has  g e l l e d  
a t  room te m p e r a tu r e .  I t  i s  th en  baked in an oven a t  125 — 
140° F. u n t i l  the  p l a s t i c  has been c o m p le te ly  cu red .  T h i s  
i s  acco m p lish ed  when th e  p l a s t i c  becomes h a rd  and r e a d i l y  
s e p a r a t e s  from th e  g l a s s  mold. H igher  c u r i n g  te m p e ra tu re s  
c a u se  a i r  b u b b le s  t o  form a ro un d  th e  sp ec im en ,  g i v i n g  i t  
an opaque s i l v e r y  shee n .
7- A f t e r  c u r i n g  i s  c o m p le te ,  a t h i n  s o f t  l a y e r  of p l a s t i c  
w i l l  remain on th e  s u r f a c e  exposed to  the  a i r .  T h is  may be 
removed by s a n d in g .  The b lo c k  i s  sanded f i r s t  w i th  c o a r s e  
s a n d p a p e r  (#1 o r  #2 ) ,  and th e n  w i th  f i n e  ( 00 ) s a n d p a p e r .  
I t  may be g i v e n  a f i n a l -  p o l i s h  w i th  j e w e l e r s  r o u g e  o r  
pumice on a s o f t  c l o t h  o r  b u f f i n g  wheel,





THE LOUSE by P a t r i c k  A. 
B a l t im o re ;  1946; 47 f i g s .
Buxton; the W illiams and W ilk ins  Co. 
; 14 t a b l e s ;  164 pages; $3.25.
T h i s  second  e d i t i o n  o f  “ The L o u se ” w r i t t e n  by Dr. Buxton from the Lon­
don School o f  Hygiene and T ro p ica l  Medi­
c in e ,  i s  a most u s e f u l  and in fo rm a t iv e  
book abou t the  l i c e  a f f e c t i n g  man: the
head lo u se  (P e d i c u l u s  humanus c a p i t i s ) ,  
th e  body lo u se  (P e d i c u l u s  humanus c o r ­
p o r i s ) ,  and th e  c ra b  lo u se  {P h t h r i r u s  
p u b i s ) .  Dr. Buxton has given a thorough 
and c r i t i c a l  review o f  the l i t e r a t u r e  on 
th e  s u b je c t  th rough  1944. Much R uss ian  
work on louse con tro l  during  World War II  
has been included  which is  no t a v a i la b le  
elsewhere to  most American workers. Many 
comments were based on p e rso n a l  e x p e r i ­
ences with these  i n s e c t s  which he reared  
on h im s e l f  d u r in g  1917 and “ a g a in  (no t  
con tinuous ly ,  bu t most o f  the time) from 
1934 to  the present date (1944).”
The f i r s t  th re e  chap te rs  cover genera l  
taxonomy, b io logy , e x te rn a l  and in te r n a l  
anatomy, w ell  i l l u s t r a t e d  by e x c e l l e n t  
f i g u r e s ,  and in d iv i d u a l  and c o l l e c t i v e  
biology, much o f  which is  based on Buxton’ s 
personal researches  with these in se c ts  in 
England, A frica , and India. Buxton follows 
c u r r e n t  u sage  in  r e c o g n i z i n g  only  one 
taxonomic s p e c i e s  o f  the  head and body 
l i c e  (P e d ic u lu s  humanus). He d i s a g r e e s ,  
however, with contemporary en tom olog is ts  
who m a in ta in  t h a t  th e  head lo u s e  w i l l  
assume th e  c h a r a c t e r i s t i c s  o f  the body 
louse ( l a r g e r  s iz e ,  l i g h t e r  co lo r ,  e t c . )  
when c o n f in e d  in  boxes a p p l i e d  to  th e  
s k i n  o f  th e  body, and v i c e  versa . lie 
s t a t e s ,  “ A f te r  many genera tions  of being 
r e a r e d  unde r  i d e n t i c a l  c o n d i t i o n s  the 
head and body l i c e  remained d i s t i n c t  in 
general appearance", and “ inasmuch as the
d i f f e re n c e s  between them seem g r e a t e r  in 
b io lo g y  than in  anatomy they shou ld  be 
re fe rred  to as b io log ica l  or physio logica l 
r a c e s . . . t h e y  might be c a l le d  ‘ spec ie s  in 
the making’ ”.
C h a p te r  IV d e a l s  w i th  th e  “ M edica l  
Importance of P e d icu lu s  h u m a n u s Human 
l i c e  a re  known to  t ra n s m it  typhus fever 
i n  Europe, A f r i c a ,  C h in a ,  I n d i a ,  and 
C e n t r a l  and South  Am erica. There  i s  a 
good ac co u n t  o f  e p id e m ic  and endem ic 
typhus and the  p o s s i b i l i t y  o f  one type 
g r a d u a l ly  becoming the  o th e r .  American 
typhus w orkers  d e s ig n a te  the  c a u s a t iv e  
a g e n t  o f  endemic typhus  as R i c k e t t s i a  
prowazeki  de Rocha Lima (1916), R ic k e t t s i a  
t y p h i  Wolbach and Todd ( 1920) ,  o r  , 
prowazeki  var.  mooseri  M onterio  (1931). 
Buxton r a t h e r  c o n s i s t a n t l y  c a l l s  t h i s  
organism R i c k e t t s i a  muricola  which d a te s  
from 1932. The a u th o r  e m phas izes  t h a t  
t h e  r i c k e t t s i a e  c a u s in g  ty p h u s  f e v e r  
a r e  t r a n s m i t t e d  to  man t h r u  th e  lo u se  
feces ,  r a t h e r  than the  i n s e c t  b i t e ,  a l ­
though “ i t  i s  not p o ss ib le  to  s t a t e  which 
o f  th e s e  r o u t e s ,  th rough  broken  s k in ,  
the eye, or the r e s p i ra to ry  t r a c t ,  i s  the 
commonest under n a tu r a l  c o n d i t io n s ” . In 
d iscuss ing  re la p s in g  fever he s t a t e s  th a t  
the " sp irochae ta  i s  in the body cav ity  of 
the louse from which i t  can only escape i f  
th e  i n s e c t  i s  to rn  or c r u s h e d ” During 
World War I  the " c o o t i e ” , o r body louse, 
was t h e  v e c to r  o f  T re n c h  F e v e r  which 
apparently has disappeared since 1914-1918.
Chapter V on “ The Control o f  L ice” deals 
thoroughly with the e a r l i e r  i n s e c t i c id e s  
and mass d e lo u s in g  program s. The lo u s -  
i c i d e s  used a t  th e  b e g in n in g  o f  World
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War I I  ( s u c h  as th e  th iocyanates}  a re  
discussed . Also, the American A. L. 63 and 
MYL and v a r i o u s  i n s e c t i c i d e s  used  in  
Russia’ s war-wrecked c i t i e s  are considered. 
The s e c t i o n  on DDT i s  q u i t e  a d e q u a te .  
There i s  a good d isc u ss io n  o f  the powder 
and i t s  use  in  mass d e lo u s in g  programs, 
c lo th in g  im pregnation , and the use o f  a 
DDT h a i r  em ulsion  fo r  head l i c e .  There 
i s  no a c c o u n t ,  however, o f  th e  use o f  
IDT in the Naples typhus epidemic or i t s  
use in  preventing wide-spread dissemination 
of typhus by delousing DP’s and other war 
re fu g e e s .  The book was f in i s h e d  in  1945 
b e f o r e  t h i s  in f o r m a t io n  was g e n e r a l l y  
availab le .
Vaccine p r e p a r a t i o n  by th e  la b o r io u s  
Weigl t e c h n iq u e ,  which in v o lv e s  r e c t a l  
i n f e c t i o n  o f  l i c e  w ith  r i c k e t t s i a e ,  i s  
mentioned in the f in a l  chapter. No mention 
i s  made o f  v a c c in e s  p re p a r e d  from th e  
chick embryo, which were used ex ten s iv e ly  
in  th e  N a p le s  ty p h u s  e p id e m ic ;  o r  o f  
vaccines made from in fec ted  mouse or ra b ­
b i t  lung t is s u e ,  which was used in  Mexico.
The b ib liography  and index appear to be 
s a t i s fa c to ry  and complete.
“ The Louse”  i s  a va luab le  c o n tr ib u t io n  
to  m edical entomology and a book which 
every  worker in  p u b l i c  h e a l t h  would do 
well to  have in h is  l ib ra ry .
  Harry D. P ra t t
SPECIAL PROJECTS
P R E V E N T I O N  OF R U S T  
ON STEEL RAT TRAPS
Me th o d s  f o r  p r o t e c t i n g  s t e e l  t r a p s  a g a i n s t  r u s t i n g  and f o r  rem oving  
r u s t  from them have long been sought by 
r a t  t r a p p e r s .  Numerous su g g e s t io n s  have 
been made. B u f f in g  fo l lo w e d  by w ip ing  
w ith  kerosene  soaked c lo th s ,  o r  d ipp ing  
in  m e l te d  p a r a f f i n  a re  two methods o f  
p r o t e c t i o n .  One o f  th e  most p r a c t i c a l  
m ethods e v o lv e d  has been  th e  d ip p in g  
o f  t r a p s  in  a 17 p e r c e n t  s o l u t i o n  o f  
p h o spho ric  a c id .  T h is  n o t  on ly  removes 
r u s t  b u t  p r o v id e s  a c o a t i n g  somewhat 
r e s i s ta n t  to fu rthe r  rusting.
Recently, two new suggestions  have been 
made: d i p p in g  t r a p s  in  a r u b b e r - b a s e
p l a s t i c  c a l l e d  P a r a s p r a y ,  and p l a t i n g  
t r a p s  w ith  cadmium. The former appears  
to  p rov ide  good p r o te c t io n  a g a in s t  r u s t  
when the t r a p s  a re  in  s to ra g e ,  provided 
t h a t  t r a p s  a re  r u s t - f r e e  when d ip p ed .  
Paraspray coating i s  not durable, however, 
and r e a d i ly  chips from traps  which a re  in
use, and metal s u r fa c e s  a re  thus exposed 
to rusting.
Cadmium p la t in g  proved an economical as 
well as a s a t i s f a c to r y  way of ru s t - p ro o f ­
ing t ra p s .  These t rap s  cos t  only 65 cents 
per dozen more than the  cos t  of unp la ted  
t ra p s .  In a w eathering  t e s t  a t  Savannah, 
G a ., cadmium-plated t r a p s  and phosphoric 
ac id -P a rasp ray  dipped t ra p s  were exposed 
fo r  a period  of nea r ly  f ive  months. Rain­
f a l l  was f r e q u e n t  d u r in g  t h i s  p e r i o d ;  
th e re fo re ,  t ra p s  were sub jec t  to  p e riod ic  
w etting . At the end of the t e s t ,  cadmium- 
p la ted  t ra p s  gave no evidence of ru s t in g .  
Dipped t r a p s  were r u s te d  in  s p o ts ,  a l ­
though they  were n o t  in  bad c o n d i t io n .
On th e  b a s i s  o f  s m a l l - s c a l e  t r a p p in g  
t e s t s ,  no s i g n i f i c a n t  d i f f e r e n c e  was 
d e te c te d  in  the  e f f i c i e n c y  o f  cadmium- 
p l a t e d  t r a p s  as compared w ith  t h a t  o f  
p h o spho ric  a c id - P a ra s p r a y  d ipped  t r a p s  
for capturing Hattus norvegicus.
"tesy of the David J. Sencer CDC Museum
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Produc t ion  Number; 5 - 0 9 3 . 0 Running Time: 14 .4 minutes ,  80 frames
R a tp roo iing  means the sea l ing  of a l l  possib le  bu ild ing  entrances to r o d e n t s .  F i r s t ,  a l l  e n tra n ce s  and p o s s ib le  means of e n try  are  
determined. Then a p p ro p r ia te  s teps  are taken to e l im in a te  each as a 
p o s s ib i l i ty  of entry  by r a t s .  Thereafter , periodic inspections are made 
to maintain the e ffec tiveness  of the measures taken.
The f i lm  s t r i p  conveys advantageous “ know-how” .to f i e l d  personnel 
working with r a tp r o o i in g  p r o je c t s .  Numerous examples are given fo r  
easy  guidance.
I .  These d i s e a s e s  and many s o - c a l l e d  food i n f e c ­
t i o n s  a re  caused  by r a t s .
a H B i g e i g a
..
c o j y
3 .  In  e f f e c t i v e  r a t  c o n t r o l  p rogram s,  th e  r a t -  
p r o o f in g  o f  e x i s t i n g  b u i l d i n g s  i s  b e s t  p la n n ed  
and c a r r i e d  o u t  on a “ b lock  by block* ’ b a s i s .
2 .  R a t  gnawing i n t o  food p a r c e l s  and e a t i n g  or 
damaging the  c o n te n t s  c au ses  an a p p a l l i n g  annual 




4. B u i ld in g  o c cu p a n ts  a r e  i n t e rv i e w e d  t c  d e t e r ­
mine r a t  i n f e s t a t i o n  and damage, b e f o r e  e a c h  
b u i l d i n g  i s  th o ro u g h ly  checked fo r  e v id e n c e s  o l  
r a t  i n f e s t a t i o n .  An e s t i m a t i o n  r e c o r d  i s  k e p t ,  
as w e ll  as n o t a t i o n s  on a d iag ram  of th e  b u i l d ­
in g  o f  i tem s to  be r a t p r o o i e d .
6 . The same d o o r ,  a f t e r  a m etal c u f f  and channel 
have  been  ad ded ,  r a t p r o o i i n g  t h a t  p a r t i c u l a r  
e n t r a n c e .
5 . The gnawed h o le  in  t h e  d oo r  and th e  burrow 
under  th e  w a l l  t y p i f y  r a t  e n t r a n c e s *
7 & 8 . Plumbers o f t e n  f o r g e t  to  c o m p le te ly  c lo s e  
h o l e s  i n  w a l l s  w here  t h e y  hav e  i n s t a l l e d  new 
p ip i n g .  These r a t  e n t r a n c e s  a re  c lo s e d  by s e a l ­
in g  w i th  cement o r  m o r ta r .
9 .  A ccum ula ted  d e b r i s  in  basem en ts  c o n c e a l s  r a t  
e n t r a n c e s ,  and a c t s  as  r a t  h a rb o r a g e .  C oop era ­
t i o n  o f  th e  o ccupan t  o f  th e  p rem ises  in  removing 
d e b r i s  f a c i l i t a t e s  f i n d i n g  and s e a l i n g  o f  r a t  
en t r a n c e s .
10 . R a ts  w i l l  burrow under t i g h t  masonry founda­
t i o n  w a l l s  to  g a in  e n t r a n c e  t o  a b u i l d i n g .
11. An " L '*  s h a p e d  w a l l  on t h e  o u t s i d e  o f  
t h e  b u i l d i n g  f o u n d a t i o n  d i s c o u r a g e s  r a t s  
f ro m  b u r r o w i n g  by s i m u l a t i n g  an i m p e r v i o u s  
f l o o r .
12. K a t p r o o i i n g  e f f e c t i v e n e s s  i s  m a in ta in e d  by 
p e r i o d i c  i n s p e c t i o n s  e v e r y  30 to  45 d a y s .
To o b t a i n  t h i s  f i l m ,  addr ess  re q u es t  to:
Pro d u ct io n  D i v i s i o n  
U t i l i z a t i o n  Branch 
605 V o lu n teer  B ui ld in g  
A t l a n t a  3,  Georgia
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It should not be inferred that this map gives the complete picture or 
delineation of the actual area where plague infection has been or is present 
among wild rodents in western states. Nor does this map give a quantitive 
measure of infect ion* It merely shows where plague has been found*
Forces engaged in field surveys, areas covered each year, and seasonal periods 
favorable for conducting surveys are limited.
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EZ2Z3 PLAGUE-IN RODENTS 1900 TO 1948 
te w f l  PLAGUE-HUMAN CASES 1900 TO 1948 
W//////A HUMAN TYPHUS -  HIGH INCIDENCE 1940 TO 1946 
NOTE: PLAGUE HAS NOT BEEN FOUND 
IN PENSACOLA, NEW ORLEANS,
PORT ARTHUR, BEAUMONT OR 
GALVESTON IN RECENT YEARS.
U.S. PUBLIC HEALTH SERVICE 
COMMUNICABLE DISEASE CENTER 
ATLANTA, GEORGIA
PLAGUE AND TYPHUS IN UNITED STATES
55 GEORGIA COUNTIES WITH MALARIA 
DEATH RATES OF 5 CR MORE PER 100,000 
DURING THE PERIOD 193 8-19 4 2
FSA PHS COG ATLANTA, SCOMIA
M A P  2
EXTENDED M A L A R IA  C O N T R O L PROGRAM  
O P E R A T IO N S  
1947
USPHS- CDC ATLANTA) GEORGIA
The accompanying maps were inadvertent­
ly  omitted from the cdc bulletin  f o r  
Apnl-May-June, 1948 and were or ig ina l l y  
in tended  t o  i l l u s t r a t e  the m a t e r i a l  
c o n t a i n e d  in t h e  a r t i c l e  “G e o r g i a  
Malaria Control  Op er at io ns ”  by Louva 
G. Lenert ,  S t a t e  CDC D ir e c t o r  o f  the  
Georgia Department of  Pub l ic  Health,  
and t t i l l iam A. Legwen, Sani tary  Engi ­
neer, A ss i s t an t  S ta t e  CDC Direc tor for  
Georg ia .  Comparison o f  Maps 1 and 2 
ind icates  that operat ions were confined 
t o  areas with a h i s t o ry  of s i g n i f i c a n t  
malar ia end emic i ty .  Map 3 shows that  
the 51 counties  in which 1947 operations  
were performed were grouped i n t o  16 
a r e a s  and f o ur  d i s t r i c t s ,  w i t h  one 
su pe rv i s or  employee in charge of  each 
county area and d i s t r i c t .
EX TEN D E D  M ALA R IA  C O N T R O L PROGRAM 
O PER ATIO N S
USPHS- COC ATLANTA, GEORGIA 1947
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